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EXECUTIVE SUMMARY

The Water Use Advisory Council (WUAC) was codified in 2018 PA 509 which amended Part 328, Aquifer 

Protection, of the Natural Resources and Environmental Protection Act, 1994 PA 451, as amended 

(NREPA). Previous iterations of the WUAC were organized as advisory to the Department of Environment, 

Great Lakes, and Energy (EGLE), produced reports making recommendations as charged by the Director, 

and then largely disbanded. Many of the Council’s recommendations in 2014, available at the WUAC 

website at https://www.michigan.gov/egle/about/groups/water-use-advisory-council have been 

implemented and their status is available for review in Appendix 1 of this report, also available on the 

WUAC website. 2018 PA 509 provided permanency to the Council and gave it a charge to report biennially 

to the Legislature, EGLE, the Michigan Department of Natural Resources (DNR), and the Michigan 

Department of Agriculture and Rural Development (MDARD).

The WUAC is pleased to present its recommendations for its 2022 report, which include maintaining and 

expanding the capacity of recommendations approved in 2020, implementation of a pilot program 

operating an on-site educational and cost share program for agricultural irrigation efficiency and 

conservation, and conducting research into future improvements in data collection and modeling to 

improve the Water Use Program’s ability to assess potential impacts of withdrawals that are more 

reflective of real world processes. The WUAC appreciates the Legislature for funding the important work 

that was recommended in the 2020 report. Since supporting appropriation was made in 2022, the WUAC 

has been working with EGLE to implement the projects and will update their results in future reports. The 

following summarizes the activities the WUAC has agreed by consensus to be the highest priority activities 

necessary to continue and improve the Water Use Program’s functions and operations. The WUAC urges 

the Legislature to approve allocation to support these activities, which will help Michigan fulfil its 

obligation to protect both the Great Lakes’ water resources for current and future generations and the 

ability of our states’ residents, businesses, farmers, and utilities to sustainably access it.

https://www.michigan.gov/egle/about/groups/water-use-advisory-council
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The WUAC recommends the following for the next two Fiscal Years (FY):

1) Water Conservation and Efficiency: A Pilot of Michigan Agricultural Irrigation Water and 

Energy Efficiency Program: $600,000 (Total for a 3-Year Pilot) 

This funding request is to conduct a three-year pilot to evaluate and retrofit existing irrigation 

systems to improve water and energy efficiency. The goal of this pilot program is to develop 

Irrigation Best Management Practices (BMPs) through on-farm demonstrations, including 

evaluating and retrofitting the existing irrigation systems, measuring the improved water and 

energy use efficiency, and estimating the potential reduction of greenhouse gas emission and 

cost savings. 

2) Research Improving Water Withdrawal Assessment Tool (WWAT) Streamflow Depletion 

Allocations Between Water Management Areas (WMAs): $0 (using existing program funds) 

This recommendation evaluates a proposed revised methodology for the WWAT screening tool 

to: 

a. Determine the feasibility of using the revised methodology in the screening tool. Develop 

techniques that will allow timely calculations in the online use of the tool. Determine the 

feasibility of conducting a field investigation to show improvement of the revised 

methodology versus the half-max rule. 

b. Determine the results of applying the revised methodology to the entire data base of 

registered large quantity withdrawals. Evaluate what, if any, impacts there would be of 

water availability and potential Adverse Resource Impacts (ARIs). Identify possible 

measures to mitigate impacts on registered users while avoiding ARIs. 

c. Prepare recommendations, based on findings, for the WUAC regarding the 

implementation of the revised methodology and any new or revised policies necessary 

for successful implementation. 

a. Conduct Downstream Accounting Research: $180,000 (Total for 2-Year Project) 

The current withdrawal assessment process only considers streamflow depletions in the WMAs 

immediately adjacent to proposed withdrawals. There is concern that downstream reaches 

could have impacts from upstream withdrawals and return flows. This recommendation 

encompasses the following: 

a. Complete an exhaustive literature review of existing research on observed or modeled 

downstream propagation of streamflow depletions. 

b. Examine relationships between long-term changes in index flows and index flow yield 

(e.g., inches of runoff for the catchment divided by inches of precipitation in the 

catchment for an appropriate time period) relative to climatic conditions at gaged 

streams throughout Michigan. 

c. Conduct literature review and empirical analyses to identify and provide underlying 

support for the appropriate spatial scale (e.g., WMA, entire upstream catchment of the 

WMA or a lesser portion of the WMA’s catchment) for totaling cumulative withdrawals 

that potentially affect the index flow of each WMA.
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4) Evaluate Streamflow Depletion Effects Downstream Through a Stream Network: $235,000 

(Total for a 2 to 2.5 Year Project) 

This study is designed to investigate how streamflow depletions might propagate downstream 

and combine to effect downstream reaches and will: 

a. Conduct a series of modeling analyses to test mechanisms that would lead to attenuation 

of the stream depletion rates. 

b. Identify key features of the surface-water/groundwater system that help propagate or 

attenuate upstream depletion response. 

c. Identify stream networks in the state that are more susceptible to upstream withdrawal 

and those that may be more buffered from upstream withdrawals. 

5) Develop an Inland Lakes ARI conceptual Framework and Pilot Data Acquisition Assessment: 

$200,000 (Total for a 3-year implementation) 

The WUAC recommends a one-time financial investment of $200,000, that would be used over 

two years to acquire technical support for the WUAC’s committees to engage limnological 

expertise, facilitative modeling capacity, and to conduct multiple targeted pilot scale data 

acquisition assessments. This technical support is deemed necessary to make progress on the 

inland lakes ARI assessment topic. 

6) Maintain Current Index Flow Values: $0 

The WUAC conducted a review of Index Flows, a value representing lowest summer flow of 

stream reaches in the Water Use system over its period of record or extrapolated from analyses 

of U.S. Geological Survey flow gages. We recommend no changes to those Index Flows at this 

time, and additionally recommend those Index Flow values continue to be assessed every 5 

years for any needed adjustments to reflect changing values. 

7) Continued Funding for Implementation of 2020 WUAC Report Priorities: $6,000,000 

($3,000,000 annually). 

Funding appropriated by 2022 PA 53 will support implementation, operations, and maintenance 

of the 2020 Report priorities not including the Michigan Geological Survey) MGS geologic 

mapping, through 2026. 2022 PA 166 provided one year of funding for the MGS geologic 

mapping work, in Article 4, Part 1, Section 102 of that bill assigned to departmental 

administration and support anticipated to need ongoing funding. Ongoing annual expense for 

MGS geologic mapping for the next two fiscal years (FY 2023-2024) is $6,000,000 total 

($3,000,000 annually) to continue its progress on collecting data to provide accurate subsurface 

geologic and aquifer properties in priority counties. 

Funding appropriated by 2022 PA 53 will support implementation, operations, and maintenance 

of the 2020 Report priorities not including the MGS geologic mapping, through 2026. After 2026, 

ongoing expenses to maintain and continue to collect data from the implemented priorities of 

the WUAC’s 2020 Report will include: 

a. Michigan Hydrologic Framework to facilitate the creation of groundwater/surface water 

models: $36,000 annually for ongoing operations and maintenance.
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b. Operations and maintenance of existing streamflow gages: $350,000 annually for 

operations and maintenance. 

c. Long-term planning to determine and install up to 20 new streamflow gages: $320,000 

annually for operations and maintenance. 

d. Long-term planning for installing additional monitoring wells and adding groundwater 

data to the USGS National Ground Water Monitoring Network: $226,000 for annual 

operations and maintenance costs. 

e. Geologic Data Collection and Mapping: $3,000,000 annually.

Total annual investment needed for ongoing data collection, operations, and maintenance beginning in 

FY 2027 for WUAC 2020 Report priorities: $3,932,000.

Total Funding Recommendation for 

Fiscal Years 2023-2024:

$7,215,000
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INTRODUCTION

In 2014, Michigan’s previous WUAC spoke about the importance of water and the responsibility we all 

share to protect it. That responsibility has not changed:

A fundamental underlying reason that we address the issue of water conservation is that we love 

the Great Lakes and the ground water systems upon which they rely. We may ask ourselves - why 

do we do this work to preserve the water? … The answer lies in the fact that unlike many other 

endeavors where failure may be inconvenient but otherwise has little effect on our lives, failure in 

this work that we are doing will have major negative impacts. If we are not able to develop the 

process for the shift in how our State and our communities use, conserve, protect and restore the 

water resources in the Great Lakes region our failure will impact our lives and the lives of our 

children, grandchildren and generations beyond.

The indigenous nations of the Great Lakes region have traditional teachings that guide them to 

seek balance in personal, family, community and national life. The strengths and perils of Fire, 

Wind, Earth and Water and the balance among them are of fundamental importance. These 

teachings inform that when people disrespect this balance, our collective future is endangered. 

Water is the lifeblood of Mother Earth; it flows in her veins and fills her oceans, lakes, rivers and 

streams. It is essential for the plants and animals with whom we share this wonderful creation. It 

surrounds us all in our Mothers’ wombs before we are born; without it, life as we know it could 

not exist on Earth.1

1 WUAC. 2014. Final Report of the Water Use Advisory Council, December 12, 2014, p. 75. Retrieved from: 
https://www.michigan.gov/documents/deq/wrd-wuac-final-report_534575_7.pdf.

https://www.michigan.gov/documents/deq/wrd-wuac-final-report_534575_7.pdf
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Effects of climate change can be seen around the country and the world, from droughts in the 

southwestern United States and southern Europe, to low water levels in the Mississippi River in the fall of 

2022 hampering trade, flooding in central Asia costing hundreds if not thousands of lives, and threats to 

habitats and species dependent on those water systems. At no time has it become more evident that 

water resources are both vital for life and necessary to be protected. It was in this spirit that the State of 

Michigan became a signatory to the Great Lakes–Saint Lawrence River Basin Sustainable Water Resources 

Agreement of 2005 and Compact of 2008. 

The Water Resources Agreement and Compact require states and provinces bordering the Great Lakes to 

responsibly manage water resources. Michigan fulfilled this obligation by adopting what is now Part 327 

of NREPA. Part 327 created a water withdrawal assessment program managed by EGLE to prevent ARIs 

by water withdrawals on streams and lakes. The program requires registration for large capacity water 

withdrawals (withdrawals with a capacity of more than 100,000 gallons per day), creates an online process 

to streamline water withdrawal registration and authorization, and requires annual water use reporting 

and implementation of conservation measures.

Michigan’s Water Use Program depends on the cooperation of all partners to be successful. EGLE 

administers and enforces the program, DNR conducts research and provides data on stream 

characteristics and fish habitats, MDARD collects water usage information and resolves conflicts for the 

agricultural users who depend on water access to provide a safe, affordable, and abundant food supply, 

universities, the MGS, and U.S. Geological Survey (USGS) conduct research, collect and analyze data, and 

create and review models to inform water use analysis. A broad range of stakeholders make 

recommendations for needs and program improvements as well as assisting in outreach on program 

components and requirements. In past iterations, Councils were brought together for specific purposes 

and then were disbanded. In 2012, the Council was reconvened to make program-wide recommendations 

to the EGLE Director. Its report of 2014, summarized in Appendices 1 and 2 of this report, is available on 

the WUAC’s website at https://www.michigan.gov/egle/about/groups/water-use-advisory-council. 

That Council’s report included a recommendation that there should be an advisory council permanently 

in place, and that its charge should not be solely to EGLE’s Director, but also to the Legislature, to prioritize 

funding needs and concerns to move the Water Use Program forward.

As a result of the collaboration of all partners, 2018 PA 509 was signed to create the WUAC as a permanent 

body. The WUAC is charged to report biennially to the Legislature, EGLE, DNR, and MDARD with 

recommendations to improve the Water Use Program through advances in data collection, modeling, 

research, education, and outreach. The WUAC is appointed by the Governor, the Speaker of the House, 

the Senate Majority Leader, and EGLE’s Director. Its members represent business, agriculture, utilities, 

conservation and environmental groups, lakes and streams associations, and local governments, as well 

as state agency staff in ex-officio roles, and technical advisors from universities, state and federal agencies, 

and industry professionals to assist with the WUAC’s work. The WUAC makes its recommendations by 

consensus, holding meetings according to the Open Meetings Act, and its materials are available on the 

WUAC website. 

https://www.michigan.gov/egle/about/groups/water-use-advisory-council
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The WUAC is pleased to present its recommendations for its 

2022 report, which include implementing a pilot program to 

operate an on-site educational and cost share program for 

agricultural irrigation efficiency and conservation, conducting 

research into future improvements in data collection and 

modeling to improve the Water Use Program’s ability to 

assess potential impacts of withdrawals that are more 

reflective of real world processes, and maintaining and 

expanding the capacity of recommendations approved in 

2020. The pilot program and research initiatives are one-time 

costs, which may be followed by further recommendations for 

implementation. However, the continuation of program 

capacity, data collection, and modeling improvements reflect ongoing costs that will continue into the 

future.

The 2022 recommendations of the WUAC, while framed 

in the context of two years of budgetary needs per our 

legislative charge, should be considered to reflect a need 

for continued support. In the short term, the Council’s 

recommendations in this report total a funding request 

of $7,215,000 for Fiscal Years 2023 and 2024. 

Because program improvement is an ongoing process, 

the Council recommends that though these reports come 

in the form of recommendations for two fiscal years at a 

time, the Legislature may benefit from considering a longer-term strategy for allocating funding. The work 

and equipment involved in on-the-ground research, as well as development of new tools and educational 

programming for users is an ongoing effort that is both most effective and most financially efficient if it is 

continually supported, rather than started and halted. Ongoing funding for the Water Use Program, with 

legislative reporting by the WUAC stakeholders charged with making recommendations and working with 

state agencies to implement, is the best method to ensure a robust protection of water resources across 

the state for all people, the protection of habitats, and the 

future of preserving the Great Lakes. The MGS geologic 

mapping program along with annual operations and 

maintenance of expanded streamflow gages, monitoring 

wells, and other data collection tools will total $3,932,000 

beginning in 2027. These funds are not only a wise 

investment to ensure maximum use and efficiency of 

equipment purchased via the funding of 2020 Report 

priorities, but they are also vital to keep the program 

improvements going.
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Such funding for data collection, modeling, and 

education serves a much larger role than just serving 

the Water Use Program. One of the key efforts EGLE is 

implementing as part of the Water Use Program funding 

is to combine data sets from multiple divisions and 

multiple agencies, to allow information collected from 

multiple program areas to serve a common purpose. 

The funding for continuing research, education, data 

collection, and modeling can not only improve 

Michigan’s management of its obligations under the 

Compact, it can also improve the state’s ability to track and assess impacts of legacy pollution including 

for emerging contaminants like PFAS chemicals. It can help with habitat protection, assessment of climate 

change impacts, and assessing threats to native species. It can inform opportunities and needs for 

economic development and protection of the state’s highly diverse agricultural production. And it can 

assist local governments with the information they need for urban planning and providing for their 

residents and visitors.

Overall, an investment in the Michigan Water Use 

Program serves needs far beyond its own program. 

Therefore, the WUAC urges the Legislature to 

provide funding needed for recommendations in this 

report, and to identify and assign ongoing funding to 

support the program’s continuing work so it may 

proceed with maximum effectiveness and efficiency. 

We welcome discussion for how continuing funding 

may be implemented and reporting on its use may 

be communicated to meet the Legislature’s needs.
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2022 RECOMMENDATIONS

WATER CONSERVATION AND EFFICIENCY: A PILOT OF MICHIGAN AGRICULTURAL 

IRRIGATION WATER AND ENERGY EFFICIENCY PROGRAM

SYNOPSIS

Irrigation plays an important role in Michigan agriculture, supporting various crops such as corn, soybean, 

potato, fruits, vegetables, and orchards. High-value crops including potatoes, vegetables, fruits, and seed 

crops, are almost 100 percent produced under irrigation, and require an irrigation system upon contract.2 

Large buyers require these crops to be grown on irrigated land as part of their risk management process 

to ensure that the crop will not be compromised due to drought. In 2019, Michigan produced $579M in 

fruit, nut, and vegetable crops.3 Agricultural irrigation accounted for 39% of Michigan’s consumptive 

water use,4 with 125 billion gallons of water withdrawn in 2020.5

There are over 8,000 center pivot irrigation systems in Michigan, and at least one-third of the center pivots 

are more than 20 years old (calculation based on U.S. Department of Agriculture (USDA) surveys from 

2000 and 2018). About 10% of irrigation systems still use high-pressure sprinkler packages, which are not 

as energy efficient as low-pressure sprinkler packages.6 A preliminary study conducted in 2022 by the 

Michigan State University (MSU) Irrigation group, shows replacing older sprinkler packages (7 years old or 

more) with new sprinkler package saved an average of 0.2 inch for each inch applied due to improved 

uniformity. Assuming annual average irrigation application in corn and soybean production is 6 inches, it 

can save approximately 1.2 inches of water per year in corn and soybean fields. Therefore, 3.2 MG could 

be saved on 100 acre-sized irrigated field per year.

There is a need to increase education and awareness among producers and irrigation suppliers of the 

needs for repair, maintenance, and replacement of the center pivot irrigation system as well as irrigation 

scheduling for uniformity. There is also a need for increased capacity and dedicated technical staff to do 

the literature review, conduct system evaluation and retrofit, analyze the results to improve agricultural 

irrigation efficiency, and make potential recommendations for the irrigation industry including

2 Michigan State University Extension (MSUE). 2014. Value of Irrigation to the Southwest Michigan Economy. 
https://www.canr.msu.edu/uploads/235/67987/resources/SWMichiganValueOfIrrigation9-23-14.pdf. 

3 Fruit Growers News. 2021. Michigan ranks seventh in production of fruits and vegetables. 
https://fruitgrowersnews.com/news/michigan-ranks-seventh-in-production-of-fruits-and-vegetables/.

4 EGLE. 2017. Water Use Statistics. https://www.michigan.gov/-/media/Project/Websites/egle/Documents/Multi-
Division/Water-Use-Statistics.pdf?rev=4a29b80e499549c294bbdf0044b507fa. 

5 Eaton, A. 2021. MDARD MAEAP Water Use Reporting. https://www.michigan.gov/mdard/-
/media/Project/Websites/mdard/documents/environment/maeap/2021-maeap-water-use-
reportingannualreport.pdf?rev=fc317e3c66424824974675cb13ddd6ba&hash=ECC3870279957BC18E65AE587AA1A83C. 

6 USDA. 2018. 2018 Irrigation and Water Management Survey. United States Department of Agriculture National Statistics 
Service.

https://www.canr.msu.edu/uploads/235/67987/resources/SWMichiganValueOfIrrigation9-23-14.pdf
https://fruitgrowersnews.com/news/michigan-ranks-seventh-in-production-of-fruits-and-vegetables/
https://www.michigan.gov/-/media/Project/Websites/egle/Documents/Multi-Division/Water-Use-Statistics.pdf?rev=4a29b80e499549c294bbdf0044b507fa
https://www.michigan.gov/-/media/Project/Websites/egle/Documents/Multi-Division/Water-Use-Statistics.pdf?rev=4a29b80e499549c294bbdf0044b507fa
https://www.michigan.gov/mdard/-/media/Project/Websites/mdard/documents/environment/maeap/2021-maeap-water-use-reportingannualreport.pdf?rev=fc317e3c66424824974675cb13ddd6ba&hash=ECC3870279957BC18E65AE587AA1A83C
https://www.michigan.gov/mdard/-/media/Project/Websites/mdard/documents/environment/maeap/2021-maeap-water-use-reportingannualreport.pdf?rev=fc317e3c66424824974675cb13ddd6ba&hash=ECC3870279957BC18E65AE587AA1A83C
https://www.michigan.gov/mdard/-/media/Project/Websites/mdard/documents/environment/maeap/2021-maeap-water-use-reportingannualreport.pdf?rev=fc317e3c66424824974675cb13ddd6ba&hash=ECC3870279957BC18E65AE587AA1A83C
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improvements in distribution uniformity and detailed recommendations for distribution and maintenance 

of center pivot irrigation system.

In addition to contributions to advancements in water conservation through equipment upgrades, 

maintenance, and advancements in scheduling, there are energy savings benefits as well. Water and 

energy are interlinked, with 95% of the energy consumed on irrigated farms coming from the use of 

irrigation pumps.7 More than 2,000 irrigation systems are powered by diesel engines, which are less 

energy-efficient and produce more greenhouse gas emissions than electric motors.8 Additionally, the 

energy consumption of center pivot 

systems, which accounts for approximately 

90% of Michigan’s irrigation system, 9  is 

estimated at 3.7 million MWh/year, 

contributing to 4% of Michigan’s total 

energy consumption.10

Significant federal funding is available to 

advance clean energy solutions and 

address climate change. EGLE’s Pollution 

Prevention Unit, through its Cleaner Fuels 

Program funded by the Diesel Emissions 

Reduction Act (DERA), will also be offering 

grants in FY23 for agricultural irrigation 

pump diesel engine replacement with electric equipment. Therefore, leveraging investments in new 

energy savings programs targeting agriculture irrigation systems with the creation of new programs to 

evaluate and retrofit existing irrigation systems can provide even greater benefits toward improving 

irrigation water use efficiency overall and will also provide additional benefits by increasing energy 

efficiency, reducing greenhouse gas emissions, and ultimately contributing to the state’s carbon-neutral 

goal by 2050.

7 Ciolkosz, D., and Go, A. 2022. Energy Use on the Farm, in: Regional Perspectives on Farm Energy, Springer, Switzerland. 
https://doi.org/10.1007/978-3-030-90831-7_1.

8 USDA. 2018. 2018 Irrigation and Water Management Survey. United States Department of Agriculture National Statistics 
Service.

9 Id.

10 US Energy Information Administration. 2021. Michigan Electric Profile 2020. https://www.eia.gov/electricity/state/michigan/.

https://doi.org/10.1007/978-3-030-90831-7_1
https://www.eia.gov/electricity/state/michigan/
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RECOMMENDED ACTION

The WUAC recommends developing the 

Michigan Agricultural Irrigation Water and 

Energy Efficiency Program as a pilot program to 

evaluate and retrofit existing irrigation systems 

to improve water and energy efficiency. The goal 

of this pilot program is to expand and improve 

implementation of recommendations within the 

Irrigation Water Use Generally Accepted 

Agricultural and Management Practices 

(GAAMPs) through on-farm demonstrations, 

including evaluating and retrofitting the existing 

irrigation systems, measuring the improved 

water, energy use, and crop yield efficiency, and estimating the potential reduction of greenhouse gas 

emission and cost savings. This program entails assessing and retrofitting at least 10 center pivot irrigation 

systems per year. Each pivot will be measured before and after retrofits to measure improvements. Yield 

data will be annually evaluated to evaluate impacts on crops to demonstrate to growers that there is also 

no negative impact on yield. This program will help expand the implementation and continual 

improvement of recommendations within Irrigation Water Use GAAMPs, the Michigan Agriculture 

Environmental Assurance Program (MAEAP), and irrigation outreach programs.

Possible retrofits or upgrades to the irrigation systems include, but are not limited to:

a. Replace high pressure with low-pressure sprinkler packages to reduce wind drift and increase 

uniformity. 

b. Upgrade the existing sprinkler packages (e.g., over 7-year-old) to improved and more efficient 

sprinkler packages. 

c. Repair any leaks in the system. 

d. Investigate options to improve energy efficiency (e.g., installing a Variable Frequency Drive, 

converting diesel to electric power for irrigation pump, etc.). 

e. Explore the improved design options for irrigation systems and specific crop types.

This pilot program will also include irrigation scheduling to improve farmers’ irrigation practices during 

the growing season. Soil moisture sensors will be installed in the participant farmer’s field to track the soil 

moisture levels and provide irrigation recommendations. Improvements in water and energy use 

efficiency and greenhouse gas reductions will be estimated throughout the project. Moreover, this new 

initiative should inspect irrigation systems to ensure proper installation, operating safety and provide 

safety training.

At the end of the pilot program, the WUAC will evaluate the pilot program’s outcomes and determine 

next steps.
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IMPLEMENTING ORGANIZATION

Michigan State University Extension (MSUE) would be the primary 

organization responsible for pilot program implementation. This pilot 

program is an ideal fit within MSUE’s mission of bringing educational 

programs directly to individuals, communities, and businesses. MSUE 

operates numerous programs that complement this pilot program on 

irrigation, such as programs in agricultural bioenergy and energy 

conservation, water management and soil health. MSUE can build on 

its presence in all Michigan counties, recognition among the 

agricultural community and extensive experience delivering 

educational programs in the agricultural field in Michigan to make the 

pilot program successful. EGLE would use existing contractual 

agreements between EGLE and MSUE or between MDARD and MSUE 

to award funding to MSUE to support the pilot program.

COST ANALYSIS

Requesting a total of $600,000 to cover the costs of one Full-Time Equivalent (FTE) position, part-time 

assistants, equipment, and supplies to implement the pilot program.
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Table 1: Budget for Pilot Program Implementation.

Budget Year 1 Year 2 Year 3 Total

A. Salary and Fringe

A1) Research Assistant11 $77,000 $79,310 $81,689 $237,999

A2) Undergraduate Students $9,645 $9,935 $10,233 $29,813

B. Equipment/Materials/Supplies

B1) Irrigation Mobile Lab12 $50,000 $50,000

C. Travel

C1) Domestic Travel $2,800 $2,800 $2,800 $8,400

D. Other Costs

D1) Retrofit Cost-Share Program13 $50,000 $50,000 $50,000 $150,000

Total Direct Cost $189,445 $142,045 $144,722 $476,212

Indirect Cost (26%) $49, 256 $36,932 $37,628 $123,815

TOTAL $238,701 $178,977 $182,350 $600,027

TIMEFRAME

Three years to develop, implement, and evaluate the pilot program.

LEGISLATIVE CHANGES 

None.

11 One FTE research assistant and hourly undergraduate students are requested. The research assistant is responsible for 
coordinating the meetings, evaluating the irrigation systems, preparing reports for the pilot program, and promoting the pilot 
program to stakeholders. 

12 The fund for developing an Irrigation Mobile Lab is requested. This includes purchasing a trailer, ultrasonic flow meters, catch 
cans, pressure gauges, measuring devices, water quality analysis materials, and sensor monitoring systems for measuring water 
pressure, soil moisture levels, and environmental conditions. 

13 The retrofit cost-share program will cover up to $5,000 per participant.
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RESEARCH IMPROVING WWAT STREAMFLOW DEPLETION ALLOCATIONS BETWEEN WMAS

SYNOPSIS

The WWAT uses an algorithm (sometimes referred to as the “Half Max Rule)14 to allocate the effects of a 

water withdrawal among the source WMA and neighboring WMAs. The way the algorithm is currently 

applied generally reduces the total amount of stream depletion attributable to each individual registered 

well. The algorithm is also normally used to apply the results from an SSR. The question is how to more 

realistically apportion the streamflow depletions in the screening tool, and for most SSRs.

BACKGROUND

Groundwater withdrawals develop a cone of depression and “capture” groundwater that may have 

otherwise flowed to several nearby streams. This process is affected by the amount of the withdrawal, 

the hydraulic properties of the aquifer, the connection between the streams and aquifer, the depth of the 

well, and the proximity of streams to the proposed well. A model15 was developed for the WWAT to 

broadly account for these factors. In some cases, however, this method yielded nonsensical results, such 

as calculating depletions from streams that were far away when a major stream was nearby, or depleting 

a stream on the far side of a major stream. To minimize these nonsensical results and more realistically 

honor the hydrogeologic fact that drawdown cones stabilize when they reach stream boundaries that can 

satisfy the withdrawal demand, a refined method was implemented.

The current streamflow depletion calculation occurs in three steps. First, all neighboring WMAs are 

identified that touch the source WMA. Second, a streamflow depletion is calculated for each of these 

WMAs based on the distance from the proposed withdrawal to the nearest stream segment in each WMA. 

Third, the withdrawal depletions from these source and neighboring WMAs are evaluated and only those 

estimated depletions that are more than half the maximum depletion value from the entire group of 

WMAs under scrutiny are recorded in the WMA accounting database. Those calculated depletions that 

are less than 50% of the maximum value for the group are discarded. This method reduced the number 

of streams affected by a groundwater withdrawal to those closest to the withdrawal point and limited the 

evaluation to those streams having the greatest potential to significantly contribute to the withdrawal. 

However, as currently implemented, the depletion allocation routine in the WWAT ignores all the 

calculated depletions that are less than half the maximum, resulting in under prediction of the total 

depletion attributable to each proposed withdrawal. Also, the current method is not able to incorporate 

14 Hamilton, D. A., and Seelbach, P. W. 2011. Michigan’s Water Withdrawal Assessment Process and Internet Screening Tool. 
Michigan Department of Natural Resources, Fisheries Special Report 55, Lansing. 

15 Reeves, H. W., Hamilton, D. A., Seelbach, P. W., and Asher, A. J. 2009, “Ground-Water-Withdrawal Component of the 
Michigan Water-Withdrawal Screening Tool”, Scientific Investigations Report 2009-5003, USGS.
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actual detailed spatial information about depletion amounts or extents. Recent advances in this field have 

provided better means to address this.

FINDINGS

The depletion calculations were examined for 30 actual registered wells in a variety of hydrogeologic 

settings across the state. The calculated stream depletions were reviewed for all of the neighboring 

WMAs. Using the current algorithm (half max rule) in the WWAT, 74% of the total calculated depletions 

were included in the water accounting system (i.e., 26% of the total depletion amount was not accounted 

for). The range for individual wells was a high of 99% of the total depletion amount was accounted for to 

a low of only 49% of the total calculated depletion accounted for.

Zipper, et al. (2018), took the methodology developed for the WWAT and compared it with other 

techniques of identifying which neighboring streams should be depleted, and how much streamflow 

should be depleted.16 They developed “Analytical Depletion Functions”17 that consist of stream proximity 

criteria, depletion apportionment equations, and an analytical model to estimate streamflow depletion. 

These methods were applied to the same 30 example well locations in Michigan. The “adjacent” method 

(Figure 1), which uses Thiessen polygons to identify nearby stream segments that should be depleted, was 

selected as an improvement over the existing method. The “web squared” method (Figure 2) was selected 

to estimate the total depletion apportioned to each stream segment because it does a good job of 

incorporating the actual stream geometry relative to the drawdown cone. We continue to use the Hunt 

(1999)18 solution for calculating the streamflow depletion. The results are summarized in Table 1. This 

approach has a strong theoretical foundation, it compares well with numerical models, it is being used by 

the British Columbia government in their water withdrawal program, and it was specifically developed as 

an improvement to our current methodology.

RECOMMENDATIONS

a. Determine the feasibility of using the revised methodology in the screening tool. Develop 

techniques that will allow timely calculations in the online use of the tool. And determine the 

feasibility of conducting a field investigation to show improvement of the revised methodology 

versus the half max rule. 

b. Determine the results of applying the revised methodology to the entire data base of registered 

large quantity withdrawals. Evaluate what, if any, impacts there would be of water availability and

16 Zipper, S. C., Dallemagne, T., Gleeson,T., Boerman, T. C., and Hartmann, A. 2018. Groundwater pumping impacts on real 
stream networks: Testing the performance of simple management tools. Water Resources Research, 54, 5471–5486. 

17 Zipper, S. C., Gleeson, T., Kerr, B., Howard, J. K., Rohde, M. M., Carah, J., and Zimmerman, J. 2019. Rapid and accurate 
estimates of streamflow depletion caused by groundwater pumping using analytical depletion functions. Water Resources 
Research, 55, 5807–5829. 

18 Hunt, Bruce, 1999, Unsteady stream depletion from ground water pumping: Ground Water, v. 37, no. 1, p. 98–102.
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potential ARIs. Identify possible measures to mitigate impacts on registered users while avoiding 

ARIs. 

c. Prepare recommendations, based on findings, for the WUAC regarding the implementation of the 

revised methodology and any new or revised policies necessary for successful implementation.

IMPLEMENTING ORGANIZATION

Water Resources Division, EGLE.

COST

The cost will be staff time using existing program funds.

TIMEFRAME 

One year.

Figure 1: Adjacent method to identify stream 

segments for depletion.

Figure 2: Web squared method to allocate 

portions of total streamflow depletion.



Example WWAT WWAT w/total calc depl          web2

Depletion 

(gpm)

#WMAs 

Depleted

Depletion 

(gpm)

#WMAs 

Depleted

Depletion 

(gpm)

#WMAs 

Depleted

Barry1 267.5 1 501 6 552.5 3

Berrien1 5.4 1 7.3 9 9.4 3

Berrien2 40.9 2 63.2 5 67.6 3

Calhoun1 628.1 1 982.8 18 1127.6 1

Calhoun2 101.4 1 128.1 18 145 2

Cass1 56.9 2 71.9 5 73.3 3

Cass2 17.1 1 30 9 34 4

Gratiot1 97.6 1 116.7 6 93.4 2

Gratiot2 44 1 45.8 7 39.5 2

Hillsdale1 265.5 2 415.6 7 457.6 3

Iron1 33.4 2 42.5 6 48.1 3

Kalamazoo1 131.7 1 168.8 7 192.9 2

Kalamazoo2 70 2 85.2 4 79.8 2

Kalkaska1 15.1 1 26.4 7 30.3 4

Leelanau1 1.6 1 3 5 3.3 4

Livingston1 1.5 2 1.6 10 1.4 2

Montcalm1 202.6 1 203.4 7 204.3 3

Montcalm2 135.5 2 181.9 7 92 5

Newago1 29.3 1 59.4 9 58.5 3

Newago2 151.3 1 187.2 9 267.3 1

Oceana1 94 3 134.6 11 157.5 4

Oceana2 1.1 1 2.1 6 2.3 3

Ottawa1 26.7 1 29.1 11 26.3 4

St Joseph5 303.6 1 492.1 9 602.2 2

St. Joseph1 76.7 1 98.2 7 96.3 2

St. Joseph2 147.4 2 184.5 4 183.8 4

St. Joseph3 165 1 197.9 6 208.7 2

StJoseph4 175.8 1 228.9 9 220.1 3

Tuscola1 23.5 1 25.8 7 29.2 1

VanBuren1 2 1 2.8 5 3.2 2
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Table 2: Comparison original WWAT, WWAT with redistributing the total calculated depletion based 

on half max, and web squared depletion allocation.
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CONDUCT DOWNSTREAM ACCOUNTING RESEARCH

BACKGROUND

The current withdrawal assessment process only considers streamflow depletions in the WMAs 

immediately adjacent to proposed withdrawals. There is concern that downstream reaches could have 

impacts from upstream withdrawals and return flows.

Using existing GIS techniques and datasets, Zorn, et al. (2022)19 demonstrated the technical feasibility of 

incorporating 1) watershed-scale accounting (i.e., tallying all flow depletions in the entire watershed 

upstream of each WMA) and 2) sector-specific return flow percentages into the Water Use Program for 

the entire state of Michigan. They noted:

Empirical attempts to achieve a perfect solution statewide would be quite costly and could take 

decades because it would likely involve long-term monitoring and modeling of climate, flows, and 

withdrawals in numerous representative Michigan watersheds, each characterized by distinctly 

changing patterns in land use, climate, water withdrawals, and flow conditions. Even if 

undertaken, such an endeavor may not produce results much more robust than a GIS modeling 

effort, with many potentially inappropriate withdrawals likely being permitted during the interim. 

Thus, we think that incorporating both improvements (or refined versions of them) in the 

WWAP will improve the scientific and ecological defensibility of the WWAP … [emphasis 

added].20

They went on to recommend that “... additional study to address uncertainties regarding the extent to 

which flow depletions in headwaters of larger watersheds are propagated downstream is needed prior 

to implementation watershed-scale accounting” [emphasis added].21 They warned that “documenting 

changes in streamflow conditions resulting from registered withdrawals will be difficult to accomplish in 

the field …”22 for a variety of reasons.

Zorn, et al. (2022) recommended two next steps:

a. Use long-term stream gage records to quantify long-term index flow changes relative to 

precipitation levels for catchments showing different levels of with upstream flow depletion.

19 Zorn, T., Ross, J., Infante, D., Yu, H., and LeBaron, A. 2022. Incorporation of watershed-scale accounting and water use sector-
specific return flows in the Michigan Water Withdrawal Assessment Program’s streamflow depletion accounting process: a 
statewide analysis. Workgroup report to the Water Use Advisory Council, February 2022.

20 Id., p. 6. In quoted text, “WWAP” refers to the Water Withdrawal Assessment Program, now referred to as the Water Use 
Program. 

21 Id.

22 Id.
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b. Review existing research on observed or modeled downstream propagation of streamflow 

depletions and appropriate spatial scale for quantifying cumulative withdrawal effects in 

catchments.

Zorn, et al. (2022) explored #1 above by comparing the Index Flows at scores of streamflow gages in the 

state between the period 1971-2000 (the baseline precipitation period for the Index Flow regression 

model23) and the wetter 2010-2019 decade. Their results showed a distinct regional pattern, with lower 

Index Flows in northern Michigan and generally higher Index Flows in southern Michigan during the latter 

period (Figure 3). Noting index flows at several gages in the southwestern Lower Peninsula showed 

declines or only minor increases in flow during the latter period, despite higher flows at gages in the 

surrounding area (potentially suggestive of water withdrawal effects), they recommended further 

investigation of temporal changes in low flow conditions at gages throughout Michigan to better 

understand associations among trends in low flow conditions, precipitation and cumulative water 

withdrawals in various regions of the state.

Figure 3: Percent deviation of Index Flow for 2010-2019 from Index Flow calculated for

23 Hamilton, D. A., Sorrell, R. C., and Holtschlag, D. J. 2008. A Regression Model for Computing Index Flows Describing the 
Median Flow for the Summer Month of Lowest Flow in Michigan. USGS Scientific Investigations Report 2008-5096.
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RECOMMENDATIONS

The WUAC recommends that EGLE contract with the Partnership for Ecosystem Research and 

Management (PERM) at MSU (which has already done considerable some streamflow data compilation 

work for task b) below) to conduct the following research:

a) Complete an exhaustive literature review of research on observed or modeled downstream 

propagation of streamflow depletions. 

b) Examine relationships between long-term changes in index flows and index flow yield (e.g., inches 

of runoff for the catchment divided by inches of precipitation in the catchment for an appropriate 

time period) relative to climatic conditions at gaged streams throughout Michigan. Annual index 

flow yields should be tracked for catchments in different regions and with varying climatic trends 

and levels of water withdrawal. The analysis should include gages with at least 10 years of data, 

and all gages with a period of record of 50+ years.

In addition, recent stream gage data 

(minimum of ten years of record) for 

southwest Michigan streams should be 

used to attempt to quantify streamflow 

reductions in downstream areas 

potentially associated with upstream 

flow depletions. The spatial distribution 

of appropriate stream gages makes this 

type of analysis problematic. According 

to Miller and Lusch (2014),24 four of the 

top six irrigated counties in Michigan 

are in southwest Michigan. They 

determined the 2012 irrigated acreage 

in these counties to have been: St. 

Joseph (185 mi2), Cass (75 mi2), Branch (65 mi2), and Kalamazoo (58 mi2). According to the National Water 

Information System (NWIS), available at: https://waterdata.usgs.gov/mi/nwis/rt, there are at least 26 

gages in southwest Michigan that have periods of record that are 10 years or more. Hence, every effort 

should made to complete this task within St. Joseph, Cass, Branch, and Kalamazoo counties, at a minimum.

In addition to the Water Use Program’s defined Index Flow metric, other metrics may be useful (e.g., mean 

August flow, mean August or July to September flow, etc.). Initial analyses such as correlation will likely 

be needed to determine the appropriate period for quantifying precipitation (e.g., March-September, 

June-September, August-September, etc.), to determine whether lags occur between precipitation and

24 Miller, S. and Lusch, D. 2014. Irrigation potential in Lower Michigan. Unpublished report to the Southwest Michigan Water 

Resources Council.

https://waterdata.usgs.gov/mi/nwis/rt
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index flow and the appropriate precipitation period to use for calculating index flow yield values. If there 

are no detectable lag or storage effects, it would likely be most appropriate to match flow and climate 

periods for yield calculations. The Michigan State Climatologist's Office, available at: 

https://climate.geo.msu.edu/index.html, shall be consulted to identify the best precipitation data 

sources for this work and to obtain insight 

on appropriate data summary periods. 

Yield values should initially be plotted 

annually for the entire period (Figure 4). 

Data can be grouped into other time 

periods (e.g., 5-year, 10-year, etc.) as 

appropriate. If possible, trends should be 

developed for all gages in Michigan having 

adequate data. At a minimum, trends in 

yield should be plotted and described for 

(a) different regions of Michigan, (b) areas 

where the climate has been wetter vs. 

drier in recent years, (c) streams that differ 

in hydrologic source (i.e., runoff dominated vs. groundwater dominated), and (d) streams in the same 

region that share precipitation patterns but differ in the magnitude of nearby water withdrawals.

Figure 4: Hypothetical example of a yield metric plotted annually for the period of record for two 

streams. Top (blue) one showing no withdrawal impacts. Bottom (red) one exhibiting withdrawal 

impacts.

https://climate.geo.msu.edu/index.html
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a) Conduct literature review and empirical analyses to identify and provide underlying support for 

the appropriate spatial scale (e.g., WMA, entire upstream catchment of the WMA or a lesser 

portion of the WMA’s catchment) for totaling cumulative withdrawals that potentially affect the 

index flow of each WMA. Zorn drafted an initial approach to addressing this issue that may 

provide a starting point for developing a detailed plan for addressing this issue (See Appendix 3: 

Potential Approach to Consider for Evaluating Appropriate Scale for Accumulating Streamflow 

Depletions). We recommend the research team use it as a starting point for developing and 

implementing a refined approach to address to this issue. Such an effort would complement and 

inform the more generalized but mechanistic modeling approach proposed by Reeves.

APPROACH

The above study will be accomplished via a post-doc to working in Dr. Dana Infante’s lab at MSU at a rate 

of $90,000 per year. We propose a 2-year project which would enable integration of additional factors 

(e.g., landcover changes) into these broad-scale temporal analyses and attraction of a highly qualified 

candidate for the project. A 2024 project start or date at least six months into the future will allow time 

for finding a suitable candidate. Overhead cost rate is 56.5%, but indirect cost rate can potentially be 

waived if EGLE provides a written statement specifying that the contractual arrangement is with MSU 

PERM (Partnership for Ecosystem Research and Management) which has a 0% overhead rate. Thus, 2-year 

project cost would be $281,700 with normal overhead, or $180,000 with PERM.

PERM scientists shall confer regularly with developers of this proposal (i.e., Zorn, Lusch, Burroughs) and 

interested members of the WUAC, especially in the beginning 6 months of the project as analysis methods, 

approaches and scope iteratively develop.
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EVALUATE STREAMFLOW DEPLETION EFFECTS DOWNSTREAM THROUGH A STREAM 

NETWORK

INTRODUCTION

Streamflow depletion apparent in upstream parts of a stream network are hard to discern in downstream 

stream gage records. The current Michigan WWAT only estimates the local impact of surface-water or 

groundwater withdrawals on streamflow and only alerts the user to withdrawals that might cause a local 

adverse impact. If upstream depletions propagate downstream without any compensation in the system 

or dissipation along the network, then there is a potential for adverse impacts at downstream locations 

from accumulated upstream withdrawals that do not have direct local adverse impacts. Moreover, the 

water withdrawal assessment process is based on peak depletion rates. For intermittent withdrawals, the 

streamflow depletion may be attenuated such that the peak rate is reduced while its duration is increased. 

This attenuation conserves the volume of water removed from the stream network and lessens the 

likelihood of adverse impact. The proposed study is designed to investigate how streamflow depletions 

might propagate downstream and combine to effect downstream reaches.

PROBLEM STATEMENT

Given local, intermittent, streamflow depletion by a direct surface-water withdrawal or pumping well, 

how does the depletion propagate downstream? Does the stream network attenuate the response of the 

system such that peak depletion rate is not observed downstream in the network? What is the mechanism 

for this attenuation?

HYPOTHESES

a) Hydraulics of flow in the channel and geomorphic dispersion by the stream network attenuate 

the stream depletion response leading to lower peak rates over longer periods such that, although 

mass is conserved, the peak depletion rate is not observed. 

b) Exchange of water with groundwater allows the stream to access additional storage. This storage 

attenuates the peak depletion while lengthening the response time in the system. The mass 

removed is conserved, but peak rates are not observed.

APPROACH

To test the hypotheses, a series of modeling analyses is proposed. These analyses will test mechanisms 

that would lead to attenuation of the stream depletion rates. By isolating the mechanisms, key features 

of the surface-water/groundwater system that help propagate or attenuate upstream depletion response 

can be identified. By better understanding these features, we may identify stream networks in the state
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that are more susceptible to upstream 

withdrawal and those that may be more 

buffered from upstream withdrawals. 

Identification of potential mechanisms also 

can help inform analysis of existing data or 

design of future data collection.

Stream hydraulic and river network effects 

testing (hypothesis A) can build upon work by 

Wondzell, et. al. (2007)25  and Fonley, et. al. 

(2015). 26  Wondzell, et. al. (2007) looked at 

how the downstream propagation of daily 

signals in headwater streams can be used to characterize flows in stream networks. They noted that for 

stream networks with high baseflow and high flow velocity, the headwater signals tend to stay coherent 

downstream in the network and the daily signal is observed. For stream networks with low baseflow and 

low flow velocity, the daily signals become out-of-phase and the downstream signals tend to have lower 

peaks. In these lower flow systems, the signals may be attenuated so much that they cannot be discerned 

at downstream stream gages. Fonley, et. al. (2015) used idealized stream networks and simplified flow 

equations to demonstrate how stream network topology and geomorphological dispersion27 can explain 

the observed behavior in daily evapotranspiration signals. For Michigan downstream accounting, 

intermittent streamflow depletions are expected to have complicated patterns in upstream headwaters 

and the degree to which these local withdrawals will combine to propagate peak depletion rates 

downstream is unknown. Simple models such as those used by Fonley, et. al. (2015), or other similar 

approaches, will be applied to investigate idealized networks designed to be like networks in different 

parts of Michigan. These networks will be tested with baseflow ranges representative of those observed 

in the state. Results of this testing will illustrate how in-stream processes may affect the propagation of 

peak streamflow depletion rates.

The effects of exchange with groundwater (hypothesis B) can be tested by applying groundwater models 

with stream boundaries that will simulate changes in stream stage in response to changes in baseflow. 

Active exchange of groundwater and surface water has been well documented in the literature,28 and 

applying simple models will allow testing of combinations of stream and aquifer characteristics to

25 Wondzell, S. M., Gooseff, M. N., and McGlynn, B. L. 2007, Flow Velocity and the Hydrologic Behavior of Streams during 
Baseflow: Geophysical Research Letters, v. 34, no. 24, 2007. doi:10.1029/2007GL031256.

26 Fonley, M., Mantilla, R., Small, S. J., and Curtu, R. 2016. On the propagation of diel signals in river networks using analytic 
solutions of flow equations: Hydrology and Earth System Sciences, v. 20, no. 7, pg. 2899-2912. doi:10.5194/hess-20-2899-2016.

27 Rinaldo, A., Marani, A., and Rigon, R. 1991. Geomorphological dispersion: Water Resources Research, v. 27, no. 4, pg. 513-
525, https://doi.org/10.1029/90WR02501.

28 Covino, T., McGlynn, B., and Mallard, J. 2011. Stream-groundwater exchange and hydrologic turnover at the network scale: 
Water Resources Research, v. 47, no. 12, W12521, doi:10.1029/2011WR010942.

https://doi.org/10.1029/90WR02501
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determine which combinations might lead to the most attenuation of streamflow depletion signals 

resulting from the exchange of water with near-stream storage. The initial testing will explore different 

combinations of aquifer and streambed characteristics representative of systems in Michigan. Idealized 

models can be used to show how far downstream signals might propagate under different conditions and 

isolate the important features of the system. If accessing near-stream aquifer storage is determined to be 

a feasible mechanism through these simple models, coupled groundwater/surface-water models from 

areas in Wisconsin can be used to illustrate the effects using more realistic models calibrated with 

extensive field data.29, 30

TIMELINE

The project is envisioned to require 2-2.5 years depending on the start date of the project. Those working 

on the project will be required to meet regularly with the Michigan Water-Use Advisory Council, to keep 

them appraised of progress and solicit input on test cases of interest.

RESEARCH TEAM

If the recommendation is accepted, then a 

research team will be assembled. The 

proposed budget is designed to support a 

junior staff member or graduate student 

working under the direction of a senior 

scientist. In addition to working with the 

Michigan Water-Use Advisory Council, the 

project team will be expected to coordinate 

with researchers focused on streamflow and climate records analysis, to exchange ideas and identify 

priority questions to study.

BUDGET SUMMARY

The estimated budget, including indirect costs, is $235,000.

29 Hunt, R.J., Walker, J.F., Selbig, W.R., Westenbroek, S.M., and Regan, R.S. 2013. Simulation of climate-change effects on 
streamflow, lake water budgets, and stream temperature using GSFLOW and SNTEMP, Trout Lake Watershed, Wisconsin: U.S. 
Geological Survey Scientific Investigations Report 2013–5159, 118 p., http://pubs.usgs.gov/sir/2013/5159/. 

30 Hunt, R.J., Westenbroek, S.M., Walker, J.F., Selbig, W.R., Regan, R.S., Leaf, A.T., and Saad, D.A. 2016. Simulation of climate 
change effects on streamflow, groundwater, and stream temperature using GSFLOW and SNTEMP in the Black Earth Creek 
Watershed, Wisconsin: U.S. Geological Survey Scientific Investigations Report 2016–5091, 117 p., 
http://dx.doi.org/10.3133/sir20165091.

http://pubs.usgs.gov/sir/2013/5159/
http://dx.doi.org/10.3133/sir20165091
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DEVELOP AN INLAND LAKES ARI CONCEPTUAL FRAMEWORK AND PILOT DATA ACQUISITION 

ASSESSMENT

BACKGROUND

The Great Lakes Compact and NREPA Part 327 are predicated on the charge of protecting water-

dependent natural resources from adverse impact. The scope of this charge is broadly inclusive of water-

dependent natural resources. At the point of creation and adoption of Part 327, a framework was 

developed for predicting the impact of water withdrawals on water-dependent natural resources, using 

stream fish communities as the indicator metric, and 

the science available at the time supported this 

framework development for rivers and streams. An 

analogous framework for inland lakes or wetlands 

was not feasible at that time. Due to this, Part 327 

addressed impacts to inland lakes, not through 

predicted impact pathways to ecological 

components of those systems, but through general 

provisions focused on impacts to the human uses of 

inland lakes, through water withdrawals. Ever since, 

previous iterations of the WUAC have discussed 

obstacles and needs for creating an assessment 

framework for inland lakes that would function similarly to the stream-based system the water 

withdrawal assessment process relies upon now; and be consistent with the scope and charges of the 

Great Lakes Compact.

In recent years, new tools for efficient data collection regarding lakes have become available (e.g., lake 

level instrumentation and crowd-sourced data platforms, water penetrating laser imaging, detection, and 

ranging (LIDAR), and lake source water isotope analysis), and new approaches to classifying lakes based 

on sensitivity to withdrawals (e.g., Wisconsin Central Sands Region Study, and the Determination of Lake 

Bathymetry for Lake Volume Calculations Associated with Lakes Sensitive to Large Quantity Withdrawals 

– See Appendix 4) have developed making this effort more feasible. The WUAC also reviewed and heard 

guest speakers from Wisconsin DNR present the findings of their approach for assessing impacts to inland 

lakes from water withdrawals. Further investigation on this topic is necessary, and several forms of 

support are now required to enable meaningful progress.

The WUAC, to continue productive investigations into Inland Lakes ARIs, needs:

a) Technical support from limnological experts, for assistance in identifying and developing 

mechanistic pathways of impact that tie lake inputs to meaningful indicator metrics, and for 

identifying viable data needs and collection strategies.
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b) Facilitative modeling expertise to aid in the development and assessment of viable classification 

strategies for inland lakes, and for conceptual model development to test validity of concepts. 

c) Targeted, pilot scale data acquisition, to allow assessment of the utility, reliability, and cost 

efficiency of suspected strategic data needs (e.g., lake water level variability, lake bathymetry, 

surrounding hydro-geological data, water chemistry, and ecological metrics), and assessing how 

much of these might be conducted by citizens, industry, governmental agencies, or academic 

institutions.

These theoretical, modeling, and data investigations must go hand in hand, and be informed by each other 

iteratively. A viable conceptual modeling framework cannot be developed without consideration of the 

types of data that are possible for use within it; and it is also impracticable to understand what types of 

data collection and what precision of data is needed without considering the intended uses of that data 

within the conceptual modeling framework.

RECOMMENDATION

Develop an inland lakes adverse resource impact conceptual framework and pilot data acquisition 

assessment. 

Since the inception of the Great Lakes Compact and Michigan’s implementation statute, Part 327, 

assessment of ARI effects for inland lakes has been hampered by the absence of an acceptable scientific 

conceptual framework for predicting withdrawal impacts to inland lakes, classification of lakes based on 

sensitivity to withdrawals, identification of mechanistic pathways linking withdrawals to meaningful 

components of inland lake resources, and by 

the absence of datasets suspected to be 

necessary. The WUAC has continuously 

investigated this issue, and now recommends a 

first initial financial investment required for the 

WUAC to make meaningful progress on this 

topic. This investment is not expected to 

produce a final acceptable framework for 

assessing ARIs for inland lakes, but rather is 

needed to accomplish meaningful progress in 

development of a first iteration conceptual 

framework and to conduct targeted data collection pilot projects, so that meaningful future progress and 

developments are possible, and this issue does not continue as unaddressed. 

The WUAC recommends a one-time financial investment of $200,000, that would be used over two years 

and reviewed in the third year, to acquire technical support for the WUAC’s committees to engage 

limnological expertise, facilitative modeling capacity, and to conduct multiple targeted pilot scale data
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acquisition assessments; continued review which the WUAC has deemed necessary to make progress on 

the inland lakes adverse resource impact assessment topic.

NOTES FOR IMPLEMENTATION

Projected Implementation Details: Scope of work, RFPs, and contracts should be developed jointly 

between WUAC and EGLE, to implement one-time funding request of $200,000. Work conducted under 

contracts, would be expected to be performed over a 2-year period. 

Phase 1, first year, would include work on conceptual framework development, (including $50,000 for 

limnological and other technical expertise consulting; and $75,000 for facilitative modeling consulting). 

Phase 2, second year, $75,000 would be used to conduct targeted data acquisition feasibility assessments 

for specific data needs identified in phase 1. 

Phase 3, year 3, $0, would include WUAC review of the work from phases 1 &2, and development of 

subsequent recommendations for this topic.

One time funding request = $200,000; Year 1 = $125,000, Year 2 = $75,000, Year 3 = $0.
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MAINTAIN CURRENT INDEX FLOW VALUES

The WUAC last reviewed statistics for Index Flows in 2014 using streamflow data through WY2012. This 

current review uses streamflow data through WY2018. The analysis of the streamflow data was provided 

by the Water Resources Division of EGLE.

EGLE provided an analysis to the WUAC of how percent change in exceedance flows have varied with gage 

station records from 2007-2018 compared with long-term data obtained prior to 2007. These data are 

useful in determining whether the long-term median flows used to derive the index flows for the WWAT 

have changed significantly since enactment of Part 327, thus indicating whether an overall statistical 

update of median flows may be warranted at this time. The results show that the currently operating 

gaging stations, from the original analysis through 2007, provide information for 33.5% of the land area 

of Michigan. Of this 33.5% of land area, 24.2% had between -5% and +5% change in exceedance flows for 

the Index Flow, defined as the “lowest median flow of the summer months.” In other words, 72% of the 

land area gaged showed that 2007-2018 August flows did not change from the previous long-term percent 

exceedance flows by more than plus or minus 5%. While several specific gaged watersheds did have 

percent exceedance flows that are changed by more than 5%, the majority are not altered significantly 

with the 2007-2018 flow data. The average change is +3.7%. The percent change in Index Flow is mapped 

in Figure 5 below. About 6% of the gaged land area had increases over 9%, and 2% of the gaged land area 

had decreases of over 9%. There may also be some regional patterns that merit further examination.

The WUAC also considered what the effects 

would be of using a “moving average” 

approach. An example of the approach is 

used by the National Weather Service for 

precipitation records. Every ten years they 

update their calculations of what is 

“normal” to include the last 30 years. This is 

a 30-year moving average.

Moving averages were looked at because 

there is a concern that climate change may 

be influencing streamflows and therefore 

Index Flows – either up or down. To get a 

feel for what moving averages look like with gaged streamflow data, 5- and 10-year moving averages were 

considered. Additionally, breaking up the time intervals based on “wet” or “dry” conditions were 

considered. The results of the moving averages were volatile, i.e., the results changed dramatically from 

one time period to the next (going up or down), and they were not consistent across the state. To smooth 

out the volatility, the last twenty years of record were used to estimate the index flows. The results of the 

twenty-year record are ambiguous, some estimates for Index Flow would increase, and some would
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decrease. None of the moving average results make a compelling case to change from our current system

now.

The WUAC concludes most gaged watersheds showed little change in low flow trends with the 2007 -2018 

incorporated data, as compared to data collected prior to 2007, we recommend that an overall statistical 

update of all index flows is not yet necessary. The need to perform this statistical update should be 

reviewed at least every 5 years. 

Figure 5: Map of Percentage of Index Flow changes from 2007 to 2018.
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IMPLEMENTATION OF 2020 WUAC REPORT PRIORITIES : $6,000,000 ($3,000,000 ANNUALLY)

As detailed above in the progress on 2020 Recommendations, the funding allocated by the Legislature in 

2022 PA 53 and PA 166 put the EGLE Water Use Program in good position to implement and begin work 

on badly needed data collection, modeling, integration of programming, and research on improving the 

accuracy of the tools created to assess water withdrawals and prevent adverse resource impacts. 2022 

PA 53 provided $10 million for EGLE to work in collaboration with the WUAC to provide funds to address 

recommendations included in the WUAC 2020 report. The funding from 2022 PA 53 will allow 

implementation, operation, and maintenance of 2020 WUAC Report priorities through 2026. However, 

because the money appropriated in 2022 PA 53 was derived largely from federal sources, 2022 PA 166 

was passed to include an additional $3 million of state funding for the MGS for conducting data collection 

and mapping to expand geologic information in the state so the MGS can leverage that money for federal 

matching funds.

Though the WUAC, working with EGLE and partners, will be able to implement the majority of the 2020 

Report priorities with the funding provided through 2026, the WUAC urges the Legislature to provide a 

continuing appropriation to also be able to continue MGS’s vital geologic mapping work. 2022 PA 166 

provided $3,000,000 for one year of funding for the MGS geologic mapping work, in Article 4, Part 1, 

Section 102 of that bill assigned to departmental administration and support anticipated to need ongoing 

funding. Ongoing annual expense for MGS geologic mapping for the next two fiscal years (FY 2023-2024) 

is $6,000,000 total ($3,000,000 annually) to continue its progress on collecting data to provide accurate 

subsurface geologic and aquifer properties in priority counties. The WUAC further urges the Legislature 

to plan for making the most of its investment beyond 2026, so that equipment and labor to collect data
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can continue to improve the Water Use Program. Funding appropriated by 2022 PA 53 will support 

implementation, operations, and maintenance of the 2020 Report priorities not including the MGS 

geologic mapping, through 2026. 

After 2026, ongoing expenses to maintain and continue to collect data from the implemented priorities 

of the WUAC’s 2020 Report will include:

a) Michigan Hydrologic Framework to facilitate the creation of groundwater/surface water models: 

$36,000 annually for ongoing operations and maintenance. 

b) Operations and maintenance of existing streamflow gages: $350,000 annually for operations and 

maintenance. 

c) Long-term planning to determine and install up to 20 new streamflow gages: $320,000 annually 

for operations and maintenance. 

d) Long-term planning for installing additional monitoring wells and adding groundwater data to the 

USGS National Ground Water Monitoring Network: $226,000 for annual operations and 

maintenance costs. 

e) Geologic Data Collection and Mapping: $3,000,000 annually. 

Total annual investment needed for ongoing data collection, operations, and maintenance beginning in 

FY 2027 for WUAC 2020 Report priorities: $3,932,000.
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SUMMARY OF WUAC RECOMMENDATIONS FOR FY 2023 -2024

The WUAC recommends the following for the next two Fiscal Years (FY):

1) Water Conservation and Efficiency: A Pilot of Michigan Agricultural Irrigation Water 

and Energy Efficiency Program: $600,000 (Total for a 3-Year Pilot)

2) Research Improving Water Withdrawal Assessment Tool (WWAT) Streamflow 

Depletion Allocations Between Water Management Areas (WMAs): $0 (using 

existing program funds)

3) Conduct Downstream Accounting Research: $180,000 (Total for 2-Year Project)

4) Evaluate Streamflow Depletion Effects Downstream Through a Stream Network: 

$235,000 (Total for a 2 to 2.5 Year Project)

5) Develop an Inland Lakes ARI conceptual Framework and Pilot Data Acquisition 

Assessment: $200,000 (Total for a 3-year implementation) 

6) Maintain Current Index Flow Values: $0 

7) Continued Funding for Implementation of 2020 WUAC Report Priorities: $6,000,000 

($3,000,000 annually). 

TOTAL FUNDING RECOMMENDATION FOR FISCAL YEARS 2023-2024: $7,215,000.
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PROGRESS ON 2020 RECOMMENDATIONS

In 2020, the WUAC made recommendations related to conservation and efficiency, improving data 

collection and maximizing use and accessibility of current information, implementing new models, 

mapping, and networking, and implementing additional activities to improve data collection, long term 

planning, and model testing. The total funding request for these activities was just over $10 million for a 

two-year period of development and implementation.

The 2020 Report of the Water Use Advisory Council included numerous recommendations that would 

require the involvement of the WUAC for implementation, including:

a) The Michigan Integrated Water Management Database to facilitate geologic and hydrologic data 

collection and modeling by making current data accessible and available in a common geospatial 

format. 

b) The Michigan Hydrologic Framework to facilitate the creation of groundwater/surface water 

models to improve water management decision making through centralized access to up-to-date 

hydrologic data, comprehensive hydrologic analysis, and other models. The framework will 

incorporate new data and analysis, and link GIS databases and the Michigan Integrated Water 

Management Database to help create regional models. 

c) Well Driller Trainings for Improved Data to improve information collected for the Water Use 

Program. The Water Use Program depends on accurate and consistent subsurface data input to 

the Wellogic database submitted by well drillers, who must be trained to accurately identify and 

submit subsurface and well data. 

d) U.S. Geological Survey (USGS) and EGLE Streamflow Gages to collect streamflow data. This 

program is funded from several local, state and federal sources; however, two of the state 

sources: the Clean Michigan Initiative (CMI) and the Renew Michigan Program, will no longer 

provide funding after fiscal year 2022 and will need to be replaced. 

e) Geologic Data Collection and Mapping in up to 25 targeted areas of Michigan. Expands geologic 

information with data from drilling, soil sampling, seismic and gamma ray logging to produce 

accurate geological maps, static groundwater levels, and bedrock topography b. Michigan 

Geologic Survey will conduct data collection, which can be used in multiple program areas 

including the water withdrawal assessment program, PFAS tracking, waste leachate tracking, sand 

and gravel assessments, and others. 

f) Monitoring Well Network to install monitoring wells and join the National Groundwater 

Monitoring Network. EGLE and U.S. Geological Survey will partner on the effort. 

g) Long-term planning to perform analyses of streamflow, groundwater, and geologic data to 

identify critical gaps and needs, and identify data collection priorities. 

h) Developing standards and protocols for collection and use of new data within the program. This 

process is ongoing with EGLE staff and the WUAC.
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The recommendation on long-term planning for data 

needs, is critical to the work of the WUAC to 

formulate balanced, defensible, and strategic future 

recommendations for data collection and 

improvement, for subsequent Reports. As such, the 

focus of the WUAC will still rely heavily upon 

implementing these past recommendations.

The WUAC recommended continuing efforts to 

review and develop guidelines and standards for the 

collection and use of data within this program. That 

work was initiated but will require ongoing efforts to 

comprehensively complete it. As we move into implementing other past recommendations (e.g., long-

term data planning, and a Michigan Integrated Water Database) the ability of the committee to complete 

data collection and use standards will be optimal, as those other projects require comprehensive reviews 

of existing data types and identification of data gaps that need to be filled. This nexus between 

implementation of multiple recommendations will require systematic review of all existing and 

anticipated data types at a granular level.

In December 2020, the WUAC also made 

recommendations on opportunities to improve and 

enhance Michigan’s water conservation and 

efficiency program and support sustainable water 

use. Efforts are also underway to assess Michigan’s 

climate, energy, and water infrastructure programs 

and initiatives to identify opportunities to further 

advance Michigan’s water conservation goals and 

objectives. The WUAC has developed annual work 

plans to guide its efforts and hosted a speaker series 

for committee members to build shared knowledge

on current and innovative water conservation and efficiency programs, practices and technological 

advancements. The WUAC took the following actions to advance Michigan’s water conservation goals 

from its 2020 report in 2021 and 2022:

a) Advance Michigan’s Water Conservation and Efficiency Efforts through State Climate, Energy, and 

Water Infrastructure Initiatives. Assess current climate, energy, sustainability, and water 

infrastructure policies and programs to identify gaps and opportunities to incorporate water 

conservation and efficiency, technological improvements, other state and national programs, and 

education. 

In 2020, EGLE’s Office of the Great Lakes sponsored a Dow Sustainability Fellows Project with 

information available at: https://graham.umich.edu/activity/25403 that included a team of

https://graham.umich.edu/activity/25403
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interdisciplinary master's candidates from 

the University of Michigan's Medical 

School, School for Environment and 

Sustainability (SEAS), the A. Alfred 

Taubman College of Architecture and 

Urban Planning, and the Gerald R. Ford 

School of Public Policy. This one-year 

collaborative project was funded by the 

Dow Sustainability Fellows Program at the 

University of Michigan. WUAC members 

served as advisors to the Project Team. This 

project team conducted an initial 

assessment of current climate, energy, sustainability, and water infrastructure policies and 

programs to identify gaps and opportunities to incorporate water conservation and efficiency, 

technological improvements, other state and national programs, and education. 

In early 2022, the WUAC received the final report from the Dow Sustainability Fellows Project 

Team on opportunities to advance Michigan’s Water Conservation and Efficiency efforts through 

state climate, energy, and water infrastructure Initiatives. The WUAC is working with state, 

academic, industry and utility partners to advance projects that address Dow Fellows report 

findings including public education on Great Lakes water conservation; accounting and measuring 

water and energy savings from water infrastructure improvements; and building public private 

partnerships with energy utilities to promote technical assistance and residential programs.  

As part of this effort, EGLE is developing a project focused on identifying innovation and 

technological advancements in water conservation best management practices in Michigan, the 

Great Lakes region and other innovative jurisdictions. Specific practices that contribute toward 

Michigan’s climate goals, water conservation and efficiency goals and objectives and long-term 

sustainability of Michigan’s water resources will also be identified. 

b) Increasing Water Efficiency and Conservation Practices in the Agriculture Industry. Providing 

funding for two FTE positions through MSUE will allow them to develop and launch an educational 

program for agricultural water use efficiency for both plant and animal industries. 

The WUAC has made recommendations for efficient funding mechanisms to implement this 

recommendation. EGLE will utilize existing contractual agreements to award a contract to build 

more capacity to deliver existing education programs and trainings on water efficiency for the 

agricultural industry including animal industries. Funding is provided through a new state 

appropriation to support implementation of WUAC recommendations in their 2020 biennial 

report to the Legislature.
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c) Water Conservation and Efficiency Annual 

Program Assessment. Every year, pursuant to 

and in satisfaction of the obligations included 

in Section 4.2 of the Great Lakes-St. Lawrence 

River Basin Water Resources Compact, EGLE 

produces the Water Conservation and 

Efficiency Program Annual Assessment 

(Assessment) on behalf of the State of 

Michigan. The Assessment provides details on 

water conservation and efficiency efforts 

undertaken by EGLE and other state agencies. 

Assessments can be consulted on the Great Lakes St. Lawrence River Basin Water Resources 

Council’s website at https://www.glslcompactcouncil.org/program-areas/water-use-

efficiency-and-conservation/. 

2022 PA 53 provided $10 million for EGLE to work in collaboration with the WUAC to provide funds to 

address recommendations included in the Michigan water use advisory council 2020 report. Because this 

money was derived largely from federal sources, 2022 PA 166 included an additional $3 million of state 

funding for the MGS for conducting data collection and mapping to expand geologic information in the 

state so the MGS is able to leverage that money for federal matching funds to continue its important 

work.

With funds only recently being allocated, the WUAC and 

EGLE are working to finalize how the allocated funds will 

be prioritized, which recommendations will be completed 

by EGLE staff, and which recommendations will be 

managed by external partners via existing agreements or 

through requests for proposals (RFP). The WUAC and 

EGLE are working together to prioritize funding from 

those allocations for the following:

a) Michigan Hydrologic Framework to facilitate the creation of groundwater/surface water models 

to improve water management decision making through centralized access to up-to-date 

hydrologic data, comprehensive hydrologic analysis, and other models: $2,100,000 over three 

years to implement, and $36,000 annually for operations and maintenance. The framework will 

incorporate new data and analysis, and link GIS databases and the Michigan Integrated Water 

Management Database to help create regional models, complete three regional models to assess 

water withdrawal impacts, and assess metamodeling for its potential to be used as a rapid 

evaluation method.

https://www.glslcompactcouncil.org/program-areas/water-use-efficiency-and-conservation/
https://www.glslcompactcouncil.org/program-areas/water-use-efficiency-and-conservation/
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b) Operations and maintenance of existing streamflow gages formerly funded by the Clean Michigan 

Initiative and Renew Michigan Program dollars: $350,000 annually for operations and 

maintenance through a joint funding agreement with the USGS. 

c) Long-term planning for data collection to determine and install up to 20 new streamflow gages in 

the state’s major watersheds to fill gaps in existing network and develop more robust data set: 

$480,000 to install, and $320,000 annually for operations and maintenance. 

d) Long-term planning for additional monitoring wells and adding groundwater elevation and/or 

groundwater quality data to the USGS National Ground Water Monitoring Network: $259,000 to 

establish, and $226,000 for annual operations and maintenance costs. EGLE and USGS will enter 

a new joint funding agreement for this implementation. 

e) Geologic Data Collection and Mapping in up to 25 targeted areas of Michigan to expand geologic 

information with data from drilling, soil sampling, seismic and gamma ray logging to produce 

accurate geological maps, static groundwater levels, and bedrock topography: $3,000,000 

annually. MGS is actively implementing this mapping. 

f) 3D Glacial Aquifer Mapping in 2 counties using transition probability geostatistical mapping to 

assess the ability of this mapping process to identify glacial aquifer properties when compared to 

MGS 3D mapping: $80,000. EGLE is discussing the development of an RFP for this project. 

g) Two FTE positions through MSUE to develop and launch an educational program for agricultural 

water use efficiency for both plant and animal industries: $600,000 for three years. EGLE and MSU 

are working on the details of an agreement for these educator positions. 

h) Advancing water conservation by assessing current climate, energy, sustainability, and water 

infrastructure policies to identify gaps and opportunities for water conservation and efficiency, 

technological improvements, incorporating state and national programs, and education: $50,000. 

This effort is underway by the Office of the 

Great Lakes. 

i) A database to facilitate geologic and 

hydrologic data collection and modeling by 

making current data accessible and available in 

a common geospatial format: $250,000 total 

over 2 years. EGLE is working on how this can 

be integrated with a larger department-wide 

effort to gather data and modeling 

information from multiple divisions into a 

common shareable format. 

j) Training for Well Drillers to submit subsurface and well data: $4,000. Information collected for 

the water withdrawal assessment program depends on accurate and consistent subsurface data 

input to the Wellogic database submitted by well drillers, who must be trained to accurately 

identify and submit subsurface and well data. This effort is underway with the MGS.
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k) Long-term planning for analysis of streamflow, groundwater, and geologic data to identify critical 

gaps, needs, and priorities: $100,000. EGLE is working on how to incorporate this planning with 

existing efforts to consolidate data and models across divisions. 

l) WWAT user interface improvements: $50,000. EGLE is preparing to implement this and has begun 

by adding additional mapping components users can access from the WWAT website. 

m) Updating statewide estimates of transmissivity and identify water management areas where 

storage coefficients may be changed to more accurately reflect geologic conditions: $110,000. 

EGLE is discussing the development of an RFP for this project. 

n) Wellogic log digitalization and database population: $1,700,000 over 2 years. MGS will complete 

the digitalization and database population for this project.

Funding appropriated by 2022 PA 53 will 

support implementation, operations, and 

maintenance of the 2020 Report priorities not 

including the MGS geologic mapping, through 

2026. 2022 PA 166 provided one year of funding 

for the MGS geologic mapping work, in Article 

4, Part 1, Section 102 of that bill assigned to 

departmental administration and support 

anticipated to need ongoing funding. Ongoing 

annual expense for MGS geologic mapping for the next two fiscal years (FY 2023-2024) is $6,000,000 total 

($3,000,000 annually) to continue its progress on collecting data to provide accurate subsurface geologic 

and aquifer properties in priority counties. Though the WUAC working with EGLE and partners will be able 

to implement the rest of the 2020 Report priorities with the funding provided, we urge the Legislature to 

continue provide an annual appropriation of $3,000,000 to continue MGS’s vital geologic mapping work. 

We also urge the Legislature to plan for making the most of its investment in all of the 2020 WUAC Report 

priorities beyond 2026, so that equipment and labor to collect data can continue to improve the Water 

Use Program. After 2026, ongoing expenses to maintain and continue to collect data from the 

implemented priorities of the WUAC’s 2020 Report will include:

a) Michigan Hydrologic Framework to facilitate the creation of groundwater/surface water models: 

$36,000 annually for ongoing operations and maintenance. 

b) Operations and maintenance of existing streamflow gages: $350,000 annually for operations and 

maintenance. 

c) Long-term planning for installing up to 20 new streamflow gages: $320,000 annually for 

operations and maintenance. 

d) Long-term planning for installing additional monitoring wells and adding groundwater data to the 

USGS National Ground Water Monitoring Network: $226,000 for annual operations and 

maintenance costs. 

e) Geologic Data Collection and Mapping: $3,000,000 annually. 
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Total annual investment needed for ongoing data collection, operations, and maintenance beginning in 

FY 2027 for WUAC 2020 Report priorities: $3,932,000.

The allocation of annual funding to support the operation and maintenance of programs and data 

collection equipment will provide benefits far beyond the Water Use program: it will inform both water 

quantity and water quality analysis, provide valuable information to multiple divisions and departments 

within state government in programs aimed at tracking and minimizing risk of pollution from legacy 

sources, identifying fish habitats and species protection priorities, protecting inland lakes and streams, 

and monitoring changes in water levels due to shifting precipitation and temperature conditions due to 

climate change. In short, an annual investment of less than $4 million starting in 2027 once initial program 

funding provided by PA 53 and PA 166 has been expended will allow the State of Michigan to revolutionize 

its ability to protect the waters of our state into the future for all.
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WATER USE ADVISORY COUNCIL

Table 3: Water Use Advisory Council Members

Council Member Appointed by Organization Representing

Margaret 
Bettenhausen*

Attorney General Michigan Attorney General Michigan Attorney General

Jay Wesley* DNR Director DNR DNR Senior Water Policy 
Advisor

Charlie Scott EGLE Director Gull Lake View Golf Course Nonagricultural Irrigators

Christine 
Alexander*

EGLE Director EGLE Permits Section EGLE

Doug Needham EGLE Director Michigan Aggregates 
Association

Aggregate Industry

James Clift* EGLE Director EGLE Deputy Director Office of the Great Lakes

Steve Kohler EGLE Director Kalamazoo River 
Watershed Council

Local Watershed Councils

Megan Tinsley EGLE Director Michigan Environmental 
Council

Environmental 
Organizations

Dave Hamilton Governor The Nature Conservancy 
(Retired)

Statewide Conservation 
Organization

Frank 
Ettawageshik

Governor United Tribes of Michigan Tribes

Jim Nicholas Governor Nicholas-H2O Professional Hydrologists 
and Hydrogeologists

Mike Gallagher Governor Michigan Lakes and 
Streams Association

Statewide Riparian 
Landowners Association

Pat Staskiewicz Governor Ottawa County Road 
Commission (for Michigan 

American Water Works 
Association)

Municipal Water Suppliers

Jim Johnson* MDARD Director MDARD Environmental 
Stewardship Division

MDARD

John Yellich* MGS Director Michigan Geological Survey Michigan Geological Survey

Brian Eggers Senate Majority 
Leader

AKT Peerless (for the 
Michigan Chamber of 

Commerce)

Business and Manufacturing 
Interests
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Bryan Burroughs Senate Majority 
Leader

Michigan Trout Unlimited Statewide Angler 
Association

Laura Campbell Senate Majority 
Leader

Michigan Farm Bureau Statewide Agricultural 
Association

Council Member Appointed by Organization Representing

Rachel Proctor Senate Majority 
Leader

Consumers Energy Power Utilities

Buddy Sebastian Speaker of the 
House of 

Representatives

Sebastian and Sons Well 
Drilling (for Michigan 

Groundwater Association)

Registered Well Drilling 
Contractors with Hydrology 
and Drilling Field Experience

Jason Walther Speaker of the 
House of 

Representatives

Walther Farms Agricultural Irrigators

Kyle Rorah Speaker of the 
House of 

Representatives

Ducks Unlimited Wetlands Conservation 
Organization

Tom Frazier Speaker of the 
House of 

Representatives

Michigan Townships 
Association

Local Units of Government

* Ex-Officio (non-voting) member



Appendix 1. Status of Recommendations from the 2014 WUAC Report

Number Recommendation Complete? 
(Y/N/ In 

Progress)

Comments

(Per the December 12, 2014, 
Final Report)

(Including implementation 
status)

TU 1.1 As quickly as possible, the 
Program should partner with 
Michigan NHD Steward to edit 
the NHDH, attributing all 
segments as intermittent that are 
symbolized as intermittent on the 
most current version of the 
1:24,000 topographic maps. See 
Appendix 2 of the 2022 Report 
for details on this proposal.

In Progress Scope of work received, and 
funding allocated for a pilot 
project to edit the 
1:24,000 National Hydrograph 
Dataset (NHDH) stream layer. 
DNR Fisheries sent examples 
of their PERM agreements with 
MSU. EGLE needs to enter into 
its own procurement agreement 
with MSU. 6/24/21 Update: 
Memoranda of Understanding 
between EGLE & MSU were 
signed last fall. MSU hired their 
project teams and is in the 
process of training them. Most 
of the GIS work for the NHDH 
editing project is done. The 
NHDH editing project team had 
a training session (along w/ a 
few WUAU staff) with the WRD 
aquatic biologists who do our 
perennial vs. non-perennial 
stream reviews to prepare them 
for field verification of stream 
reaches that they identify as 
potentially being non-perennial. 
Field work for both pilot projects 
will happen summer 2021.

TU 1.2 As soon as an edited version of 
the NHDH is available, the DEQ 
should eliminate all intermittent 
segments and adopt this revised 
file as the hydrography used by 
the Program in both the WWAT 
and during site specific reviews.

Tied to TU 
1.1

The pilot project to edit the 
1:24,000 NHDH stream layer 
will include recommendations 
on whether and how to 
implement the editing process 
regionally or statewide. 1/18/22 
Update: MSU Pilot Project 
complete. Report should be 
sent to EGLE by end of March 
2022. Data committee should 
evaluate technical report and 
then discuss with full WUAC.



TU 1.3 Recognizing that such an effort 
could be lengthy, the Council 
recommends that the DEQ use a 
phased approach by giving first 
priority to those regions of the 
State where the majority of the 
current water withdrawal 
registrations have occurred.

Tied to TU 
1.1

The pilot project to edit the 
1:24,000 NHDH stream layer 
will include recommendations 
on whether and how to 
implement the editing process 
regionally or statewide. 1/18/22 
Update: MSU Pilot Project 
complete. Report should be 
sent to EGLE by end of March 
2022. Data committee should 
evaluate technical report and 
then discuss with full WUAC. 
EGLE should field verify results.

TU 1.3a Prioritize regions for updating 
stream linework to 1:24,000 and 
truncating intermittent stream 
reaches.

Tied to TU 
1.1

The pilot project to edit the 
1:24,000 NHDH stream layer 
will include recommendations 
on whether and how to 
implement the editing process 
regionally or statewide.

TU 1.3b Phased implementation of 
updating stream linework & 
truncating intermittent stream 
reaches.

Tied to TU 
1.1

The pilot project to edit the 
1:24,000 NHDH stream layer 
will include recommendations 
on whether and how to 
implement the editing process 
regionally or statewide.

TU 2.2 Make the WWAT registration 
number a required field in 
Wellogic (and on paper well 
logs) for high-capacity wells.

N Collaboration necessary with 
EGLE, Drinking Water and 
Environmental Health Division 
(DWEHD) and Michigan 
Ground Water Association (well 
drillers). 7/6/21 Update: Current 
work around is that EGLE 
WUAU staff can run Wellogic to 
indentify pumps with capacity of 
over 70 gallons per min. 
Drinking water does not support 
this recommended change. 
Impossible to implement and no 
support from industry and 
EGLE. RECOMMEND - Close 
the recommendation

TU 3.1 The process for checking the 
compliance of “as built” well 
construction details with WWAT 
and/or SSR registrations of 
groundwater LQWs should be 
automated. Discrepancies 
between these should be flagged 
for follow up by staff.

N Compliance review process isn't 
automated. EGLE staff has 
geographic information system 
(GIS) data layers for, and 
compares, well logs, LQW 
registrations, and water use 
reporting data to determine 
compliance with Part 327 of the 
NREPA. 7/6/21 Update: Not 



supported by EGLE DWEHD 
nor the MGWA. This is labor 
intensive at this point but EGLE 
has added staff and is keeping 
up with issues. RECOMMEND - 
Closing this recommendation. 
TU 3.2 training will help resolve 
this issue moving forward.

EM 1.4 When DEQ receives or acquires
data of the quality and standards 
that would prompt the
Department to change a Tool 
parameter for a Watershed
Management Area, DEQ should 
not wait until a registration 
request triggers an SSR in that 
Watershed Management Area. 
The DEQ should incorporate that 
new data and make any 
appropriate changes at least bi-
annually.

Plan is
complete 

need funding
to implement

Revised index flow values are
used by the WWAT, SSR, 
alternative analyses under 
Section 32706c, and permit 
applications under Section
32723. Revised aquifer 
properties are available for use 
by SSRs, alternative analyses, 
and permit application reviews 
but don’t get incorporated into 
the WWAT. 6/24/21 Update:
Once data becomes available 
need to change parameters 
used in WWAT. The main 
example is to update the Index
Flow when new data become 
available, not wait for a SSR 
request. This can be done now, 
funding is not required. The
Tool data base is automatically 
updated each time the IF is 
changed. Changing things like 
the default aquifer properties 
are not the target of this 
recommendation. That is 
covered by separate proposals 
the Council put in the most 
recent recommendation 
package.

IL 1.1 DEQ should review, and work 
with DNR, on the development of 
protocols and procedures for 
collecting bathymetric data so 
that data collected under these 
standards can be used to 
develop inland lake and pond 
maps that include information 
about lake and pond depth and 
volume. The Departments 
should publish and make 
available to the public these 
protocols and standards so that 
non-agency persons can

In Progress Scope of work received, and 
funding allocated for a pilot 
project to conduct inland lake 
bathymetry mapping. The pilot 
project will use a bathymetry 
mapping protocol developed by 
DNR Fisheries Division. DNR 
Fisheries sent EGLE examples 
of its PERM agreements with 
MSU. EGLE needs to enter into 
a procurement agreement with 
MSU. 1/18/22 Update: MSU 
wrapping up pilot project and 
report by end of March 2022.



participate in bathymetric data 
collection for inland lakes and 
ponds.

Will include cost and time 
estimates. Suggest to have 
Data Subcommittee review 
report once complete and then 
discuss with full WUAC. EGLE 
will review data that is in report.

EM 1.2 We recommend the DEQ invest 
resources to reasonably ensure 
continuous progress towards 
filling streamflow measurement 
data gaps.

In Progress Joint funding agreements with 
USGS to install and operate 
several stream gages and to 
collect miscellaneous stream 
flow measurements at other 
locations to support the Water 
Use Program.

EM 1.1 To ensure prevention of adverse 
resource impacts, and to reduce 
potential for water user conflicts, 
the DEQ should prioritize and 
invest resources to ensure 
prompt, adequate and strategic 
acquisition of stream flow data in 
high water withdrawal areas or 
areas of potential conflict.

In Progress Doing this now although 
continued stakeholder input 
concerning sub-watersheds of 
concern is welcome. Long-term 
program funding is needed to 
continue the operation & 
maintenance of existing stream 
gages, install additional stream 
gages, and to continue 
collecting miscellaneous stream 
flow measurements.

 

EM 1.5 DEQ should develop a program 
for streamflow data collection by 
non-agency persons. This 
program should provide data 
collection procedures and 
guidance, explanation of how the 
data can be used, provide for 
training opportunities, and 
provide for the collection, 
storage and accessibility of the 
data collected.

In Progress Michigan Clean Water Corps 
(MiCorps) developed a pilot 
project in 2016 for volunteer 
stream flow monitoring project 
procedures. Continued MiCorps 
funding uncertain. 3rd party 
stream flow monitoring data 
needs to meet the USGS’ data 
quality standards.

EM 1.6 The DEQ and DNR should invest 
in the strategic acquisition of 
research and/or monitoring to 
assess the real-world impacts of 
large-quantity water withdrawals.

In Progress The Cass County Pilot Study 
(completed) and the USGS’ 
study in the Wolf Creek and 
Skunk Creek watersheds (in 
their internal agency review 
process) will partially address 
this recommendation. Nestle’s 
stream flow and stream 
temperature data may also be 
of use. Long-term program 
funding is needed to replace 
CMI funding (carried over 
through FY ’20) for additional 
data collection projects.



IL 1.2 DEQ should develop training 
modules through such means as 
its existing MiCorps program and 
crowd hydrology projects to 
encourage citizen participation in 
lake and pond water level data 
collection, and ensure that data 
collection is conducted according 
to protocols agreed upon by 
DNR and DEQ for both 
documenting changes in water 
levels over time as well as to 
create bathymetric maps from 
which mean depth and 
hypsographic curves can be 
derived.

N No progress

TU 2.1 Modify the WWAT’s coding to 
use the top of bedrock depth 
from the WWAT’s glacial 
thickness map GIS data layer at 
the proposed well location 
instead of using an average top 
of bedrock depth for the 
Watershed Management Area.

N

 

Top of bedrock depth should be 
in the Groundwater Inventory 
Mapping (GWIM) data set as 
glacial thickness. The Water 
Withdrawal Assessment Tool 
(WWAT) needs to be recoded 
to use the glacial thickness 
value as top of bedrock in areas 
that were formerly subject to the 
bedrock pass.

 

TU 6.1 Work with stakeholders to 
develop criteria describing site 
specific data analyses to 
estimate potential streamflow 
depletion by a new well. The 
criteria should specify desired 
quality assurance and quality 
control processes for the 
program.

In Progress The Cass County Pilot Study 
(completed) and the USGS’ 
study in the Wolf Creek and 
Skunk Creek watersheds (in 
their internal agency review 
process) will partially address 
this recommendation. Nestle’s 
data for their Mecosta and 
Osceola County withdrawals 
may also provide some 
information. EGLE’s Water Use 
Assessment Unit (WUAU) draft 
aquifer pumping test guidance 
document was shared with the 
WUAC for its input.

EM 2.2 The State should publish its 
protocols and standards for the 
collection and use of 
groundwater data and glacial 
geology on its public websites.

In Progress The Info Guide for LQW is on 
the Water Use web page. Draft 
aquifer pumping test guidance 
was shared with the WUAC for 
its comments.



WU 2.1 DEQ should invest resources to 
produce and maintain an online 
set of resources (as described in 
Table WU-2) resource to provide 
technical, organizational and 
financial information to water 
users groups to support the 
formation and functioning of 
Water Resources Assessment 
and Education Committees 
(WRAECs) and Water Users 
Committees (WUCs).

N No progress by EGLE.

WU 4.1 Financial commitment should be 
made to support the facilitation 
of water user group negotiations.

N No progress due to budget and 
staffing limitations. 6/24/21 
Update: Depends on 
implementation of WU 2.1.

WC 1.1 Michigan should improve its 
water use-related data 
management program. In 
particular, each water user 
should design the appropriate 
data sets in order to track water 
use, progress on water efficiency 
and conservation, and develop 
demand analysis. Development 
of these data sets must balance 
the need to be generally 
applicable to a sector or sub-
sector and the ability to be 
tracked over time with the 
complexities of the 
circumstances faced by each 
particular user. The state-
specific outcomes described in
Recommendation WC 5.1 can 
inform the development of these 
data sets. Ideally, these data 
sets could be recommended for
Great Lakes Basin-wide use.

N No progress



WC 2.3 Michigan should improve the 
administration of its current 
water conservation 
requirements. Specifically, the 
DEQ and MDARD should 
evaluate the efficacy of current 
requirements that farms submit 
conservation plans (if reporting 
usage to MDARD) and new 
registrants in Zone C self-certify 
compliance with generic or 
sector-specific conservation 
measures. The efficacy of these 
requirements should be 
considered with reference to the 
current lack of agency follow-up, 
the potential for and outcomes of 
actual enforcement of those 
requirements, and the 
opportunities provided by the 
incentive-based program 
described above.

In Progress EGLE, WRD, WUAU 
compliance staff send 
compliance communications to 
property owners who haven’t 
submitted their voluntary self-
certifications of compliance with 
water conservation measures 
as part of their annual water 
use reporting or in response to 
receiving a Zone C SSR 
authorization.

TU 2.3a WWAT uses glacial aquifer 
characteristics in areas where 
bedrock aquifer properties aren't 
available for proposed bedrock 
wells. DEQ uses bedrock aquifer 
characteristics in any site 
specific reviews in these areas.

Y

TU 3.2 The DEQ should work with 
stakeholders to increase the 
understanding of Part 327 
requirements for owners of 
newly constructed large capacity 
wells and increase compliance 
with the requirement to report 
differences between registered 
and “as built” well 
characteristics.

Y EGLE/Ground Water 
Association is continuing to 

provide training at conferences

TU 4.1 DEQ should write up the 
procedures and criteria used to 
modify index flows. The 
procedures and criteria should 
be reviewed by the Council, or 
similar stakeholder group, before 
adoption by the Department.

Y



EM 1.3 Protocols and standards for the 
collection and use of stream flow 
data for use in this program 
should be developed by the 
DEQ, approved by the WUAC 
and approved through the 
appropriate statutory process, 
and clearly published on its 
website.

Y

TU 4.2 DNR should write up the 
procedures and criteria used to 
modify stream classification. 
The procedures and criteria 
should be reviewed by the 
Council, or similar stakeholder 
group, before adoption by the 
Department.

Y

EM 2.5 The DEQ should continue to 
collaborate with Michigan 
Geological Survey and water 
well drillers on new tools and 
training programs being 
developed to improve geologic 
data entered into Wellogic 
records and should make 
necessary changes to Wellogic 
forms to facilitate the entry of 
more accurate geologic data into 
Wellogic.

Y

EM 2.3 The DEQ should prioritize and 
invest resources to ensure 
prompt, adequate and strategic 
acquisition of groundwater data 
in areas receiving or anticipated 
to receive high levels of water 
withdrawal registrations.

Y

WU 1.1 DEQ should establish a process, 
in advance of any efforts to 
comprehensively identify large 
quantity water users, for adding 
into the formal list of registered 
and permitted users those 
noncompliant large quantity 
users who were making large 
quantity withdrawals prior to 
2006. This process should not 
include a debiting of the water 
accounting system for the pre-
2006 withdrawals.

Y



WU 1.2 DEQ should establish a process, 
in advance of any efforts to 
comprehensively identify large 
quantity water users, for adding 
noncompliant large quantity 
users who have initiated 
withdrawal since February 28, 
2006, without going through the 
required screening process into 
the formal list of registered and 
permitted users. Designing this 
process will require careful 
consideration of whether a 
distinction should be made 
between those withdrawals 
initiated prior to October 1, 2008, 
and those initiated after that date 
with respect to any decision to 
require the formal application 
and screening process to be 
undertaken by these users.

Y

WU 1.3 DEQ and MDARD should 
partner to develop and maintain 
a system for cross-checking 
annual water use reports against 
lists of registered and permitted 
users to monitor compliance with 
water use reporting 
requirements.

Y

TU 7.1 Work with stakeholders to 
develop criteria describing the
required features of 
groundwater-flow models to be 
used in the water-withdrawal 
assessment process focusing on 
streamflow depletion.

Addressed
in WUAC

2020 Report



EM 2.1 We recommend a database be
created to gather and collate
data on glacial geology, static 
water levels and aquifer 
characteristics collected by state 
and federal agencies as well as 
by universities and private 
industry. It should utilize a 
common set of accepted 
geologic and hydrogeologic 
terms and fields. Organizations 
or agencies collecting this data 
should have the ability to submit 
information to be entered into the 
database, and the data 
submitted shall conform to State 
program requirements. This 
database should be publicly 
viewable.

Addressed
in WUAC

2020 Report

EM 2.4 The DEQ should use high quality
data it receives, acquires, or
collates from the data submitted 
to the groundwater database and 
integrate that data into the 
SSRs, develop numerical 
models to better understand the 
hydrogeology of certain areas, 
and develop better tools to 
predict streamflow depletion in 
those areas. Collection of this 
data and using updated models 
can ultimately inform and 
upgrade the screening tool once 
sufficient data is collected for the 
associated Watershed
Management Areas.

Addressed
in WUAC

2020 Report



1

Appendix 2: Modifications to the High-Resolution National Hydrography Dataset to 

Enhance its Utility in Michigan’s Water Withdrawal Assessment Tool

For consideration of implementing the Water Use Advisory Council’s (WUAC’s) 2014 

recommendation to edit the National Hydrography Dataset (NHDH), attributing all segments as 

intermittent that are symbolized as intermittent on the most current version of the 

1:24,000 topographic maps.

Authors: Jared Ross, Hao Yu, Dana M. Infante1

Abstract:

Michigan’s Water Withdrawal Assessment Process was developed to ensure that large quantity 

water withdrawals (LQWs) do not cause adverse resource impacts to the state’s natural 

resources, including the streams and rivers. The process uses both an online Water Withdrawal 

Assessment Tool (WWAT) as well as site specific reviews to determine whether proposed 

withdrawals are likely to impact stream flow and stream fish populations. Both the WWAT and 

site-specific reviews currently use the 1:100,000 National Hydrography Dataset Plus (NHDPlus) 

as the stream base map in assessing potential impacts, although recommendations from the 

WUAC have included transitioning to the 1:24,000 NHDH. Furthermore, only perennial stream 

reaches are to be considered when conducting these assessments. However, both the 

NHDPlus and the NHDH do not fully classify the flow permanence of all stream reaches 

represented in the dataset, compromising the ability of the WWAT to target only perennial 

stream reaches in proposed water withdrawal assessments.

The goal of this work is to provide a better characterization of flow permanence across the 

Lower Peninsula of Michigan and increase the effectiveness of the NHDH for potential 

integration into the WWAT.

Introduction:

Michigan’s Water Use Program administers Part 327, Great Lakes Preservation, of the Natural 

Resources and Environmental Protection Act, 1994 PA 451, as amended (NREPA), which is 

Michigan’s statute implementing the Great Lakes-St. Lawrence River Basin Water Resources 

Compact. The WUAC is an external stakeholder group for the Water Use Program that made 

several recommendations for further actions in its December 12, 2014, Final Report. These 

recommendations include updating certain aspects of the on-line WWAT, including the WWAT 

stream data layer. The on-line WWAT and site-specific reviews (SSR) conducted by the 

Department of Environment, Great Lakes, and Energy’s (EGLE’s) Water Use Program both 

currently use the 1:100,000 scale NHDPlus as the stream base map in assessing the impacts of 

proposed LQWs on stream flow and stream fish populations. Additionally, assessments of the

1 Fisheries and Wildlife Department, Michigan State University, Suite 318, 1405 S. Harrison Rd, East Lansing, MI 
48823.
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impacts of proposed LQWs should only use perennial stream reaches. However, because 

thousands of stream reaches do not have a flow permanence classification, both the NHDPlus 

and the 1:24,000 scale NHDH include non-perennial segments, compromising the ability of the 

WWAT to target only perennial streams in assessments.

Here, we provide information to improve characterization of flow permanence for streams in the 

Lower Peninsula of Michigan by 1) assigning flow permanence to unclassified reaches in the 

NHDH using 1:24,000 United States Geologic Survey (USGS) topographic maps, 2) visiting 

road/stream crossings in the Cass, Rifle, and Dowagiac River basins to determine flow 

permanence, and 3) attempting to model flow permanence of 1st order stream reaches using 

field-based flow permanence classifications and landscape-scale variables.

Methods:

Assigning Flow Permanence Classification to Unclassified Reaches in the NHDH

We began by obtaining flowlines (i.e., representations of stream reaches) from the NHDH and 

extracting those that occur within the Lower Peninsula of Michigan. Next, the NHDArea and 

NHDWaterbody polygon layers from the NHDH were joined to flowlines and used to assign a 

flow permanence classification that exists in these feature classes but not within the NHDH 

flowline attribute table. We then downloaded georeferenced 1:24,000 scale topographic maps 

from the USGS topoView web mapper (https://ngmdb.usgs.gov/topoview/). Symbology within 

topographic maps indicates a flow permanence category of either perennial (i.e., solid lines) or 

intermittent (i.e., dashed, and dotted lines). Many locations have multiple topographic maps 

available that represent updates made over time. We used the most recent, historical 

(pre-1990) topographic map to assign flow permanence and recorded which topographic map 

version was used when assigning a classification.

Occasionally, a topographic map’s symbology would not discriminate between perennial and 

intermittent and instead indicate that all reaches were intermittent (or vice versa). There were 

also occasions where a stream reach from the NHDH would not be represented on a 

topographic map. In these instances, we would typically assume that these reaches were 

perennial unless other evidence suggested that they were intermittent. For example, if 

upstream reaches in a NHDH stream network were not represented on a topographic map, but 

downstream reaches were determined to be perennial based on the topographic maps, we 

would classify these as intermittent. Furthermore, a single flowline would occasionally have 

both perennial and intermittent symbology in different sections of the same reach or could span 

across two topographic maps suggesting both perennial and intermittent flow in different 

sections of the reach. In these instances, we noted this and created a second record for the 

reaches where the flowline was then divided (i.e., split) within the NHDH to represent the 

change in flow permanence along the same stream reach.

https://ngmdb.usgs.gov/topoview/
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Determining Flow Permanence of First Order Streams at Road/Stream Crossings in the 

Dowagiac, Rifle, and Cass River Basins

We began by identifying road/stream crossings for first order streams within each of the 

Dowagiac, Rifle, and Cass River basins by intersecting flowlines from the NHDH with the All 

Roads layer from the Michigan Geographic Framework (https://gis-

michigan.opendata.arcgis.com/maps/all-roads-v17a) using the Intersect tool within ArcMap 10.7.

Two crews visited as many road/stream crossings as possible in each basin from July to 

September 2021 and made field-based designations of flow permanence following the Michigan 

EGLE Perennial Stream Identification protocol. This methodology uses a weight of evidence 

approach that includes investigating topographic maps, aerial imagery, and other indicators 

observed in the field to determine flow permanence. Field observations included presence of 

primary indicators as well as additional secondary indicators of perennial flow. Primary 

indicators include the presence of water, the presence of flow at least 48 hours after a rain 

event, a lack of grasses or terrestrial plants filling the stream channel, the presence of rooted 

aquatic plants, and the presence of algae or periphyton. Secondary indicators include cool 

water temperatures, a lack of leaf litter and debris filling the channel, the presence of sensitive 

benthic macroinvertebrates, the presence of fish, a defined riffle/pool sequence, particle sorting, 

stream sinuosity, debris drift lines and sediment deposition in the floodplain, as well as well-

defined banks and stream bed.

Sites were only visited 48 hours following rain events, and weather stations were monitored 

using the MSU Enviroweather online tool (www.enviroweather.msu.edu). When multiple 

road/stream crossings occurred on a single stream reach, we attempted to initially sample the 

most upstream road/stream crossing. If the most upstream site was determined to be 

intermittent, the next downstream site would be visited in sequence until a reach was determined 

to be perennial. If a road/stream crossing was determined to be perennial, the remaining 

downstream sites were assumed to be perennial. Decimal degree coordinates were recorded at 

the road/stream crossing for all sites using a global position system. We additionally took 

photographs both upstream and downstream of each road/stream crossing to further document 

primary and secondary indicators of flow permanence.

Predicting Flow Permanence in First Order Reaches of the Cass and Rifle Rivers

We identified significant landscape variables from the set of 13 potential predictor variables to 

predict flow permanence of first order stream reaches (Table 1) using a logistic regression 

approach.2 A small sample size in the Dowagiac prevented us from developing a predictive 

model in that basin. We conducted an exhaustive search for the best subsets of the predictor 

variables in linear logistic regression. The top 10 best models were selected based on their 

Akaike Information Criterion (AIC) values. In those 10 models, we dropped the insignificant 

variables with large P-values (>0.05). Then, the best model was selected from the 10 candidate 

models based on the variables’ ecological importance (expert opinions). The same variable 

selection process was applied for both Cass and Rifle models. All analyses were conducted 

using R statistical software (R.4.1.2, R Core Team) with R base and the “best glm” package.

2 Hosmer, D.W., and S. Lemeshow. 2000. Applied Logistic Regression (2nd ed.) Wiley. ISBN 0- 978-0-471-35632-5.

https://gis-michigan.opendata.arcgis.com/maps/all-roads-v17a
https://gis-michigan.opendata.arcgis.com/maps/all-roads-v17a
http://www.enviroweather.msu.edu/
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Predictor variable relative importance was analyzed using dominance analysis.3 The relative 

importance was measured by McFadden index (r2m), which was calculated from the average 

additional contribution of each predictor variable to the regression model. These analyses were 

conducted using R statistical software (R.4.1.2, R Core Team) with “dominance analysis” package.

Results:

Assigning Flow Permanence Classification to Unclassified Reaches in the NHDH

The NHDH includes a total of 105,808 reaches across the entire Lower Peninsula of Michigan 

(Figure 1). The NHDH classified 56,765 of these as perennial and 15,843 as intermittent. The 

remaining 33,200 reaches have no flow permanence classification in the NHDH (Table 2). After 

overlaying these unclassified reaches onto 1:24,000 USGS topographic maps and applying our 

comparison approach, we determined that 26,421 should be considered intermittent, 

3,216 should be considered perennial, and 449 reaches had both perennial and intermittent 

classifications from the topographic maps, warranting splitting within the NHDH (Figure 2). 

Additionally, we found that 3,114 reaches were could not be clearly classified from topographic 

maps and were assumed to be perennial (Table 3).

Determining Flow Permanence of First Order Streams at Road/Stream Crossings in the 

Dowagiac, Rifle, and Cass River Basins Overall

We visited and determined flow permanence of stream reaches at 757 road/stream crossings in 

summer 2021 from the Dowagiac (Figure 3), Rifle (Figure 4), and Cass River (Figure 5) basins. 

Overall, we found that 436 were perennial (58 percent) and 321 were intermittent (42 percent).

Individual Basins

We visited a total of 78 road/stream crossings in the Dowagiac River basin and found that the 

majority (72 crossings; 92 percent) were considered perennial (Table 4). We sampled a total of 

285 road/stream crossings in the Rifle River basin and determined that just over half were 

perennial (158 crossings; Table 4). The Cass River basin had the most road/stream crossings 

visited across the three basins (i.e., 394) and we found 52 percent of these (206 crossings) had 

perennial flow (Table 4). While we were able to visit nearly all road/stream crossings at 1st order 

streams identified within the Dowagiac and Rifle River basins, we were unable to completely 

sample all road/stream crossings in the Cass River due to time constraints and an unexpectedly 

wet summer. At this time, approximately the upper half of the Cass River remains unsampled. A 

drier summer would be more conducive for multi-day sampling trips allowing for more sites to be 

sampled in each day.

3 Azen, R., and N. Traxel. 2009. Using dominance analysis to determine predictor importance in logistic regression. 
Journal of Educational and Behavioral Statistics 34:319-347.
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Predicting Flow Permanence in First Order Streams of the Cass and Rifle Rivers

We were successfully able to develop models of flow permanence for 1st order, headwater 

streams in the Cass and Rifle River basins (Figures 6 and 7). The low number of sites visited, 

and high percentage of perennial stream reaches in the Dowagiac resulted in an inability to 

reliably predict flow permanence in this basin. The predictor variables selected for the logistic 

model used in the Cass model included catchment area, mean annual precipitation, cultivated 

crops, and urban land use (Table 5), while the predictor variables selected for the Rifle model 

included catchment area, saturated soil hydraulic conductivity, urban land use, and moraine 

surficial geology (Table 6). The most important predictor variable in the Cass River model was 

catchment area (average r2m = 0.112), followed by mean annual precipitation (0.021), urban 

land use (0.019), and cultivated crops (0.006), all of which had a positive influence on the 

probability of perennial flow. The most important predictor variable in the Rifle River model was 

also catchment area (average r2m = 0.043), followed by saturated soil hydraulic conductivity 

(0.032), urban land use (0.025), and moraine surficial geology (0.007) (Figure 8) and similarly all 

had a positive influence on flow permanence.

Conclusions:

This work presents three different yet complementary approaches for improving the 

characterization of flow permanence for streams in Michigan’s Lower Peninsula, and these 

approaches can be applied in other regions that have similar data. The results show that while 

information on flow permanence of Michigan streams and rivers can be inferred from USGS 

topographic maps, in-field verification, and modeling, factors that control a stream’s flow 

permanence likely vary temporally and by region.

Considering Topographic-Based Flow Permanence Designations with Field-Based Designations

After assigning flow permanence to unclassified reaches from the NHDH, we found the majority 

to be intermittent based on information found within USGS topographic maps. This provides a 

comprehensive and consistent designation of flow permanence across the Lower Peninsula of 

Michigan. However, while the topographic maps suggest that most of these originally 

unclassified reaches are intermittent, our field-based designations found nearly 60 percent of 

road/stream crossings at 1st order NHDH reaches to be perennial. Given that the coarser-scale 

1:100,000 NHD is the foundation for assessing impacts of water withdrawals on the state’s 

surface water resources, more field-based sampling to determine the extent to which perennial 

streams exist in the NHDH would improve our understanding of flow permanence across the 

state (see cost estimates below for effort needed to expand sampling regionally and to the 

entire Lower Peninsula).

Considering Model-Based Flow Permanence Designations with Field-Based Designations

We also successfully modeled flow permanence of 1st order streams from the NHDH for the 

Cass and Rifle River basins using field-based designations of flow permanence as the response 

variable and produced generally reliable results. However, the small number of sites visited in 

conjunction with the high percentage of perennial stream reaches in the Dowagiac River basin 

restricted our ability to develop a reliable model predicting flow permanence in this basin. Given
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this, we feel that any future modeling efforts should focus on targeting HUC8-sized basins to 

ensure the range of flow permanence conditions are accounted for when collecting data to be 

used for modeling.

We were also somewhat restricted on the landscape data we had available for modeling and 

considered this exercise to be largely proof of concept as we found little guidance in the 

literature for predicting flow permanence from landscape variables. Because of this, we did not 

invest in development of landscape variables that could have performed more effectively in 

analysis (i.e., summer precipitation vs. mean annual precipitation) and similarly did not test 

performance of multiple modeling approaches (e.g., Spatial Statistical Models on Stream 

Networks vs logistic regression). We believe that this could be a useful area of additional work.

Estimating the Cost of Expanding Field-Based Flow Permanence Designations:

Cost to Sample the Remaining Cass River Sites and the Michigan Portion of the St. Joseph 

River

As portions of the St. Joseph River (i.e., Dowagiac River) and the Cass Rivers were sampled in 

summer 2021 and given a portion of the St. Joseph River falls outside of Michigan, we assume 

the remaining reaches in these two basins would approximately equate to one HUC8. Also, 

assuming two crews can completely sample one HUC8 throughout the summer, we estimate 

needing a total of $127,291 to complete this potential work in one year. One research assistant, 

one graduate student, two summer workers ($104,071).

Year 1: Funds in the amount of $45,000 is estimated for six months/year of a research 

assistant’s salary ($30,000) and fringe ($15,000). Funds in the amount of $44,000 is estimated 

for 100 percent of a graduate student’s stipend ($18,000), tuition ($12,000), health ($3,000), and 

summer wage ($11,000). Funds in the amount of $12,918 are estimated for two summer 

workers’ hourly wage ($12,000) and fringe ($918). We also anticipate requiring $2153 (including 

$153 in fringe) for one month of an hourly worker to enter data. Materials and supplies ($600).

Most materials required for this work would be reused from the 2021 field season except for a 

need for four pairs of waders ($600). Travel ($22,620).

Year 1: Travel cost is estimated to be $5,220 for two MSU truck rentals ($655/month for 

four months), $3,000 for fuel costs ($1,500/truck), $14,400 for lodging based on hotel costs of 

$75/night, two rooms per crew, four nights per week, for 12 weeks of field work.

Total = $127,291

Cost to Sample Grand River

There are four HUC8s in the Grand River basin. Assuming two crews can completely sample 

one HUC8 throughout the summer, we estimate needing a total of $465,848 to complete the 

work in two years. One research assistant, one graduate student, seven summer workers 

($371,344).
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Year 1: Funds in the amount of $90,000 is estimated for 12 months/year of a research 

assistant’s salary ($60,000) and fringe ($30,000). Funds in the amount of $44,000 is estimated 

for 100 percent of a graduate student’s stipend ($18,000), tuition ($12,000), health ($3,000), and 

summer wage ($11,000). Funds in the amount of $45,213 are estimated for seven summer 

workers’ hourly wage ($42,000) and fringe ($3,213). We also anticipate requiring $6,459 

(including $459 in fringe) for three months of an hourly worker to enter data.

Year 2: Funds in the amount of $90,000 is estimated for 12 months/year of a research 

assistant’s salary ($60,000) and fringe ($30,000). Funds in the amount of $44,000 is estimated 

for 100 percent of a graduate student’s stipend ($18,000), tuition ($12,000), health ($3,000), and 

summer wage ($11,000). Funds in the amount of $45,213 are estimated for seven summer 

workers’ hourly wage ($42,000) and fringe ($3,213). We also anticipate requiring $6,459 

(including $459 in fringe) for three months of an hourly worker to enter data. Materials and 

supplies ($3,944).

Equipment costs include four metal clipboards ($80), write in the rain paper ($120), four 

gazetteers ($120), 16 pairs of waders ($1,200), four water temperature thermometers ($120), 

four digital cameras ($600), four first aid kits ($104), four digital tablets with waterproof cases 

($1,600). Travel ($90,560).

Year 1: Travel cost is estimated to be $10,480 for four MSU truck rentals ($655/month for four 

months), $6,000 for fuel costs ($1,500/truck), $28,800 for lodging based on hotel costs of 

$75/night, two rooms per crew, four nights per week, for 12 weeks of field work.

Year 2: Travel cost is estimated to be $10,480 for four MSU truck rentals ($655/month for four 

months), $6,000 for fuel costs ($1,500/truck), $28,800 for lodging based on hotel costs of 

$75/night, two rooms per crew, four nights per week, for 12 weeks of field work.

Total = $465,848*

Cost to Sample Saginaw River and the Remaining Cass River Sites

There are nine HUC8s in the Saginaw River basin, one of which encompasses the Cass River 

watershed which was partially completed in summer 2021. Assuming 8.5 HUC8s requiring 

sampling and two crews able to completely sample one HUC8 throughout the summer, we 

estimate needing a total of $663,696 to complete the work in two years. One research assistant, 

one graduate student, 15 summer workers ($474,668).

Year 1: Funds in the amount of $90,000 is estimated for 12 months/year of a research 

assistant’s salary ($60,000) and fringe ($30,000). Funds in the amount of $44,000 is estimated 

for 100 percent of a graduate student’s stipend ($18,000), tuition ($12,000), health ($3,000), and 

summer wage ($11,000). Funds in the amount of $96,885 are estimated for 15 summer 

workers’ hourly wage ($90,000) and fringe ($6,885). We also anticipate requiring $6,459 

(including $459 in fringe) for three months of an hourly worker to enter data.
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Year 2: Funds in the amount of $90,000 is estimated for 12 months/year of a research 

assistant’s salary ($60,000) and fringe ($30,000). Funds in the amount of $44,000 is estimated 

for 100 percent of a graduate student’s stipend ($18,000), tuition ($12,000), health ($3,000), and 

summer wage ($11,000). Funds in the amount of $96,885 are estimated for 15 summer 

workers’ hourly wage ($90,000) and fringe ($6,885). We also anticipate requiring $6,459 

(including $459 in fringe) for three months of an hourly worker to enter data. Materials and 

supplies ($7,888).

Equipment costs include eight metal clipboards ($160), write in the rain paper ($240), eight 

gazetteers ($240), 16 pairs of waders ($2,400), eight water temperature thermometers ($240), 

eight digital cameras ($1,200), eight first aid kits ($208), eight digital tablets with waterproof 

cases ($3,200). Travel ($181,120)

Year 1: Travel cost is estimated to be $20,960 for eight MSU truck rentals ($655/month for four 

months), $12,000 for fuel costs ($1,500/truck), $57,600 for lodging based on hotel costs of 

$75/night, two rooms per crew, four nights per week, for 12 weeks of field work.

Year 2: Travel cost is estimated to be $20,960 for eight MSU truck rentals ($655/month for four 

months), $12,000 for fuel costs ($1,500/truck), $57,600 for lodging based on hotel costs of 

$75/night, two rooms per crew, four nights per week, for 12 weeks of field work.

Total = $663,696*

Cost to Sample Entire Lower Peninsula

There are approximately 30 HUC8s that would need to be sampled across the Lower Peninsula. 

The Cass River Watershed is represented as a single HUC8, and HUCs are created in part, to 

be of comparable sizes. A conservative estimate would be that two crews could fully sample 

one HUC8 in a summer, based on experience during the 2021 field season (which was a wet 

summer that slowed some of our progress). Given these assumptions, we estimate requiring a 

total of $1,364,320 to complete the work in two years. One research assistant, one graduate 

student, 58 summer workers ($655,540).

Year 1: Funds in the amount of $90,000 are estimated for 12 months/year of a research 

assistant’s salary ($60,000) and fringe ($30,000). Funds in the amount of $44,000 is estimated 

for 100 percent of a graduate student’s stipend ($18,000), tuition ($12,000), health ($3,000), and 

summer wage ($11,000). Funds in the amount of $187,311 are estimated for 29 summer 

workers hourly wage’ ($174,000) and fringe ($13,311). We also anticipate requiring $6,459 

(including $459 in fringe) for three months of an hourly worker to enter data.

Year 2: Funds in the amount of $90,000 is estimated for 12 months/year of a research 

assistant’s salary ($60,000) and fringe ($30,000). Funds in the amount of $44,000 is estimated 

for 100 percent of a graduate student’s stipend ($18,000), tuition ($12,000), health ($3,000), and 

summer wage ($11,000). Funds in the amount of $187,311 are estimated for 29 summer 

workers’ hourly wage ($174,000) and fringe ($13,311). We also anticipate requiring $6,459 

(including $459 in fringe) for three months of an hourly worker to enter data. Materials and 

supplies ($29,580).
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Equipment costs include 30 metal clipboards ($600), write in the rain paper ($900), 

30 gazetteers ($900), 60 pairs of waders ($9,000), 30 water temperature thermometers ($900), 

30 digital cameras ($4,500), 30 first aid kits ($780), 30 digital tablets with waterproof cases 

($12,000). Travel ($679,200).

Year 1: Travel cost is estimated to be $78,600 for 30 MSU truck rentals ($655/month for four 

months), $45,000 for fuel costs ($1,500/truck), $216,000 for lodging based on hotel costs of 

$75/night, two rooms per crew, four nights per week, for 12 weeks of field work.

Total = $1,364,320* 

Implementation notes: 

Finding and hiring this many summer workers in a single year would likely be a challenge. 

The total amount above assumes that we can get approval for the 0 percent indirect rate on the 

project through the Partnership for Ecosystem Research and Management agreement. 

Tables and Figures: 

Table 1. Predictor variables used in logistic regression model selection

Variable Description Source

AreaSqKm Catchment area (km2) NHDH4 

MAP Mean annual precipitation (mm) PRISM5 

KSAT Saturated soil hydraulic conductivity (micrometers/sec) Baker et al. 20036 

DARCYP Potential groundwater movement (mm/day) Baker et al. 20036 

grass_herb Grassland/Herbaceous (percent MLRC 20197 

pasture_hay Pasture/Hay (percent) MLRC 20197 

cultivated_crops Cultivated Crops (percent) MLRC 20197 

woody_wetlands Woody Wetlands (percent) MLRC 20197 

herb_wetlands Herbaceous Wetlands (percent) MLRC 20197 

urban Urban Land Use (percent) MLRC 20197 

forest Forested (percent) MLRC 20197 

coarse_geo Coarse Textured Surficial Geology (percent) Farrand and Bell 19828 

moraine Moraine Surficial Geology (percent) Farrand and Bell 19828

4 U.S. Geological Survey 2019. High Resolution National Hydrography Dataset. https://www.usgs.gov/national-

hydrography/access-national-hydrography-products. 
5 https://prism.oregonstate.edu/downloads/ 
6 Baker, M., M. Wiley, M. Carlson, and P. W. Seelbach. 2003. A GIS model of subsurface water potential for aquatic 
resource inventory, assessment, and environmental management. Environmental Management 32:706-719. 
7 MLRC 2021. National Land Cover Dataset (NLCD 2019). https://doi.org/10.5066/P9KZCM54. 
8 Farrand, W.R., and Bell, D.L., 1982, Quaternary Geology of Southern Michigan, Department of Geological Sciences, 
The University of Michigan Ann Arbor, scale 1:500,000.

https://www.usgs.gov/national-hydrography/access-national-hydrography-products
https://www.usgs.gov/national-hydrography/access-national-hydrography-products
https://prism.oregonstate.edu/downloads/
https://doi.org/10.5066/P9KZCM54
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Table 2. Number of NHDH reaches in Michigan's Lower Peninsula 

classified as either perennial or intermittent or unclassified

Flow Permanence Classification Count

Perennial 56765

Intermittent 15843

Unassigned 33200

Total 105808

Table 3. Number of NHDH reaches classified from 1:24,000 USGS 

topographic maps.

Flow Permanence Classification Count  

Intermittent – Topo 26421 

Perennial – Topo 3216 

Perennial & Intermittent (split) 449 

Assumed perennial 3114 

Total 33200

Table 4. Field-based designation of flow permanence at 1st order 

road/stream crossings for the Dowagiac, Rifle, and Cass River basins

River basin Perennial Non-perennial Total  

Dowagiac 72 6 78 

Rifle 158 127 285 

Cass 206 188 394 

Total 436 321 757

Table 5. Coefficients of the logistic regression model for the Cass River.

Parameter Estimate Std. Error Z score P-value

Intercept -67.0249 26.6847 -2.512 0.0120

AreaSqKm 0.85803 0.1512 5.675 <0.0001

MAP 0.07712 0.03161 2.44 0.0147

cultivated_crops 0.01091 0.00496 2.2 0.0278

urban 0.03485 0.01155 3.018 0.0026



11

Table 6. Coefficients of the logistic regression model for the Rifle River.

Parameter Estimate Std. Error Z score P-value

Intercept -1.9687 0.5819 -3.383 0.0007

AreaSqKm 0.5045 0.1832 2.753 0.0059

KSAT 0.0234 0.0085 2.747 0.006

urban 0.0377 0.0151 2.501 0.0124

moraine 0.0082 0.0044 1.894 0.0583
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Figure 1. Flow permanence classification of streams in Michigan’s Lower Peninsula from the 

1:24,000 National Hydrography Dataset.
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Figure 2. Flow permanence classification of streams in Michigan’s Lower Peninsula after 

assigning a category from 1:24,000 USGS topographic maps.
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Figure 3. Locations of road/stream crossings where in-field determinations of flow permanence 

were made in the Dowagiac River basin. Blue dots indicate sites determined to be perennial 

whereas orange sites were determined to be non-perennial.
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Figure 4. Locations of road/stream crossings where in-field determinations of flow permanence 

were made in the Rifle River basin. Blue dots indicate sites determined to be perennial whereas 

orange sites were determined to be non-perennial.
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Figure 5. Locations of road/stream crossings where in-field determinations of flow permanence 

were made in the Cass River basin. Blue dots indicate sites determined to be perennial whereas 

orange sites were determined to be non-perennial.
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Figure 6. Predicted permanence for 1st order streams from the 1:24,000 National Hydrography 

Dataset in the Rifle River basin.
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Figure 7. Predicted flow permanence for 1st order streams from the 1:24,000 National 

Hydrography Dataset in the Cass River basin.



19

Figure 8. Predictor variable relative importance of Cass model (a) and Rifle model (b) from 

dominance analysis.



Appendix 3: Potential Approach To Consider for Evaluating Appropriate Scale For 

Accumulating Streamflow Depletions.

Analysis idea:

An analytic approach may identify the appropriate distance upstream of a Water Management 

Area (WMA) to accumulate streamflow depletions.

Background:

It is not feasible to address this question with new gages because long-term records are needed 

for many locations, and answers to these questions cannot wait 40+ years for additional long-

term data to come online. Question: What level of watershed-scale accounting best explains 

observed changes in index flows (IFs) between the Water Withdrawal Assessment Tool’s 

baseline modeling period (1971-2000) and the last decade (2010-2019)?

a) We know that looking 0 miles upstream is wrong. For example, a 130 cubic feet per 

second (cfs) flow depletion in a WMA midway along the length of the Muskegon River 

WMA does not magically disappear when going downstream and crossing a WMA line. 

b) 100 percent of the catchment may not provide the best fit to observed IFs. However, 

100 percent makes the most sense, especially when return flow rates explicitly define 

the portions of the flow removed that may return to the system. What does not return 

(e.g., 90 percent of water withdrawn for irrigation) is consumed and cannot return, as 

demonstrated in studies reviewed by Shaffer (2009). If flow increases downstream, it 

would not result from return of withdrawn water that has been consumed. So, it must 

have come from elsewhere. 

c) Data is needed from an array of watershed impact levels (e.g., 10 percent of watershed 

with Zone D, 80 percent of watershed with Zone D, etc.) 

d) A balanced sampling design is needed so “no effect” scenarios (e.g., the Upper 

Peninsula) don’t swamp effects of interest.

Approach:

a) Identify gages to work on. Exclude the northern half of Michigan due to lack of flow 

depletions. Exclude gages installed for reasons that would make them anomalies. 

Possibly stratify gages by size (Small, Medium, Large) and percent of watershed in 

Zone D (maybe four levels) to get even representation of conditions. 

b) Estimate pre (1971-2000) vs post (2010-2019) changes in precipitation for watersheds of 

study gages. Consult with State Climatologist’s Office on this. An alternate source 

[personal communication with Justin Titus (National Weather Service) on accessing 

long-term precipitation data is: https://xmacis.rcc-acis.org. Directions are: “Use the single 

station drop down menu and select monthly summarized data. From there select 

precipitation. After that, in the last set of option for location first change County Warning 

Area (CWA) (Essentially just the weather office covering the location). Use MQT for the 

Marquette office, which covers most of the UP, and APX for the eastern UP and northern 

lower. After selecting the CWA, select any stations in that area.” Another possible 

https://xmacis.rcc-acis.org/


contact is Andrew Gronewold, at drewgron@umich.edu, who is working on Great Lakes 

climate-related modeling. 

c) For all study gages (possibly by size group) estimate: 

i. IFpost = f(IFpre, change in precip, cumulative flow depletions at an X km radius 

upstream of WMA). Save predicted IFpost values for each gage. To start, let 

X=20km. 

ii. Calculate absolute value difference between EstIFpost and ObsIFpost for each 

gage. 

iii. Compute mean (or sum) of these differences (like a sum of squares). 

d) Repeat step 3 for each accounting level, looking at various distances (radii) upstream of 

each gage. Starting at 0 (no accounting), incrementing up to 100 percent watershed-

scale accounting (maybe 300 km, whatever it takes).

Plot mean of differences (y-axis) vs # km of upstream accounting for each scenario. Distance 

upstream where lowest difference occurs approximates the level of upstream accounting that 

best explains current IFs, given changes in precipitation over time and existing flow depletions.

mailto:drewgron@umich.edu
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Introduction 
There is considerable concern regarding the effect of high-capacity wells and Large Quantity 

Withdrawals (LQWs) on aquatic systems.  However, there are no studies in the primary literature that 
have evaluated the effects of LQWs on lakes.  This may be due in part to the difficulty of establishing 
actual withdrawals and understanding lags associated with subsurface flow, in addition to the difficulty 
of establishing water budgets for individual water bodies.  Rather, a more integrated measure of impact 
could be water volumes. Water volume represents an integrated measure of a water budget, and is a 
more comprehensive measure of impact compared to a one-dimensional metric such as water level or 
depth.  Calculation of water volumes within a lake is a relatively straightforward process (see Methods), 
but data requirements are strict in that lakes must have adequate bathymetry data.  Although 
bathymetry data does exist for approximately 2,400 lakes in Michigan (Wehrly 2016), the vast majority 
of these maps are from the 1930s-1950s and are severely outdated.  Further, many lakes that are 
susceptible to LQWs are undocumented, given that there are over 11,000 lakes in Michigan.  Updated 
bathymetry maps are required, therefore, to calculate modern lake volumes.  Historically, lake depths 
were measured by hand, with a person using a sound to measure depth at regular intervals (usually a 
grid), and then contour lines were interpolated by hand based on these measurements.    Modern 
technology has advanced to the point where accurate bathymetry maps can be created from GPS-
enabled sonar units, such as high-end fish finders.  

The objectives of our study are to a) establish methodologies for high resolution bathymetry and 
water volume calculations, b) develop bathymetric maps for up to 15 lakes, and c) compare historical 
bathymetric maps to modern maps to develop an understanding of the accuracy of historical maps.  This 
information will be used to provide recommendations and methodologies for future studies of lake 
bathymetry and water volume calculations by DEQ or contractors.  We will execute a proof of concept 
project to demonstrate the feasibility of conducting bathymetry studies in southern Michigan lakes.

Methods 
Project staff were able to survey 10 lakes throughout the summer of 2021. Surveyed lakes were listed 
as moderate- or high-risk according to the Inland Lake ARI Risk Decision Diagram (Wehrly 2016).  Lake 
information is listed in Table 1.  All lakes except Future lake selection will occur via the Water 
Withdrawal Assessment Tool (WWAT), although these lakes are not currently sorted by risk category in 
the Inland Lake ARI Risk Decision Diagram. All ten lakes were within two hours driving time of East 
Lansing, MI. 

Surveys were conducted using two different watercraft depending on motorized watercraft 
regulations.   On lakes that allowed gasoline engines, we used a 16-foot flat-bottom johnboat equipped 
with a rear tiller 25hp motor.   On lakes that disallowed gasoline engines, we used a 12-foot rowboat 
equipped with a stern-mounted electric motor, powered by a 12v battery.  Watercraft speed varied by 
lake and transect, with previously unknown implications for sonar accuracy.   Speed ranged between 0-
15kts, and there is uncertainty regarding how variation in speed affects depth readings. 

We used a Lowrance HDS Live chartplotter with a 9” screen to conduct bathymetric surveys. 
The chartplotter was paired with a downscan transducer.  We used a 200khz frequency, paired with a 
ping rate of 0.8/s.  A Lowrance chartplotter was required to integrate with BioBase 
(www.biobasemaps.com) due to file type associations.

http://www.biobasemaps.com/


Table 1.   Lakes surveyed as part of this study. Lake area, maximum depth, average depth, and mean 
elevation (m above sea level) are all calculated from measurements from this study.

The transducer was attached to a fixed location on both watercraft.  The depth of the 
transducer relative to the water surface varied slightly depending on the weight of the driver, watercraft 
used, and boat speed, but visual inspection indicated a depth of approximately 10cm.

Bathymetry measurements 
Prior to sampling a lake, we created a survey grid in two perpendicular directions, generally 

associated with the fetch of the lake.  Survey grids were created in Google Earth Pro, and exported for 
eventual uploading into the sonar unit.   On each lake, survey grids were lines indicating tracks.   On 
most lakes, tracks were approximately 10m apart.   The exception to this was Walden Lake, where 
survey tracks were 5m apart.   These distances were approximate, given we expected that 
environmental conditions (wind and waves) would inevitably lead to some variation in the actual track 
recorded in the field. 

Once survey tracks were created in Google Earth Pro, they were saved as a .kml file.   This file 
was then uploaded into the DNRGPS app operated by the Minnesota DNR 
(https://gisdata.mn.gov/dataset/dnrgps), converted into a .sl2 file, and saved to an SD card for loading 
into the sonar unit. 

Prior to beginning a survey on each lake, the crew compared sonar readings to a manual depth 
sound.  Once the survey began, the sonar unit recorded depth, water temperature, speed, GPS 
coordinates (in WGS84), and echo strength (for vegetation and bottom hardness calculations) 
continuously throughout the survey, including turns. No adjustment was made to sonar settings 
throughout the survey, and all sonar readings were recorded and saved. Sonar readings were saved 
into individual files occasionally throughout the survey.  Lakes were generally surveyed over the course 
of time that ranged from one day to a week or more.  On Walden Lake, the bathymetry survey took 12 
days due to required use of the electric motor and close transect spacing.   

Data processing represented a significant aspect of the project, and required a number of steps 
to convert sonar data into usable form.   First, individual sonar files were uploaded to Biobase, and 
merged into a single file.   These data were then inspected in the Biobase bathymetry map framework to 
identify any initial issues.   Data were then exported as points in .csv format for processing in QGIS for 
bathymetry map and water volume calculations.

Lake County Latitude Longitude
Area 

(hectares)
Maximum 
depth (m)

Average 
depth (m)

Mean 
elevation 

(m)
Bass Kent 43.23175 -85.3263 76.54 5.79 2.51 260.10
Crooked Washtenaw 42.32142 -84.1152 45.63 5.9 1.96 299.61
Garfield Oakland 42.44529 -83.534 2.28 4.65 2.02 291.79
Gosling Livingston 42.39648 -84.0033 4.94 6 2.07 273.69
Halfmoon Washtenaw 42.41613 -84.0083 95.54 26.39 8.38 269.98
Joslin Washtenaw 42.41868 -84.0703 77.26 5.61 1.22 274.77
Morrison Ionia 42.85748 -85.2221 134.98 11.83 3.92 245.73
Sugarloaf Washtenaw 42.34264 -84.1146 71.43 5.41 0.97 290.17
Walden Livingston 42.64546 -83.7673 58.01 16.6 6.48 289.66
Walsh Washtenaw 42.33771 -84.0796 3.73 5.48 2.59 294.33

https://gisdata.mn.gov/dataset/dnrgps


For some lakes, we had to conduct substantial QA/QC on the bathymetry dataset.   On Morrison 
Lake, torrential downpours between survey day 1 and 2 led water levels to increase by approximately 
0.5m.  The boat landing was subsequently closed, and survey crews were only able to access the lake 
two weeks later after the water levels fell back to near-original levels. The resulting bathymetry map 
from these data indicated substantial error in the dataset (Figure 1). Water level adjustments were 
calculated by extracting sonar points in close proximity (10-6° in longitude and latitude) on disparate 
survey days.  We then calculated the median difference in depth between the two points.  Sample sizes 
ranged between 13 and >100 proximate points depending on the day.   We then used the median 
differences between days to relate all survey days to the water levels on the first survey day.

Water level assessment 
Water levels were recorded using a Trimble R2 unit, with vertical sensitivity of +/-0.1m.  Crews 

used kayaks to circumnavigate the lake as close to the shoreline as possible. Multiple issues with 
private property owners prevented on-shore assessment of water levels.   The Trimble unit was carried 
in a backpack on a crewmember, while ensuring the unit was exactly 1.0m off of the water surface. 
During the water level survey, data was recorded on the Trimble unit continuously throughout the 
survey.   Data was converted to WGS84 format and saved as a .csv for processing. 

Initial investigation of water level data revealed variation in elevation approaching +/- 2m.   
Variation likely derived from several sources: a) inadequate satellite coverage, b) waves, and c) 
navigation around obstacles, piers, and seawalls.   To rectify this variation, data was filtered using a 
quantitative approach.   First, elevations from several lakes were imported into R and plotted to 
determine quantiles.  These plots revealed that approximately 80-90% of the data fell within 
approximately 0.1m of the median lake level, while those data above the 90-95th quantile and below the 
5-10th quantile represented aberrations in the dataset (Figure 2).  On all lakes, the 90th/10th quantile 
corresponded to a difference of less than 0.003% of the median.  Thus, to remain conservative, all water 
elevation data was filtered to remove all data outside of +/- 0.002% of the median. Subsequent 
frequency plots of filtered elevation data approached normality, thus demonstrating a more robust 
error structure (Figure 3).  We considered the resulting data to represent the ‘valid’ water elevations for 
each lake.  Mean water levels from this revised dataset are reported in Table 1.

Data Analysis 
All construction of bathymetry maps and water level calculations took place in QGIS (QGIS 3.2).   

Detailed instructions for data importation, map development, and analytical steps can be found in the 
Appendix.  Construction of the bathymetry map and water volume calculations required integration of 
all points from the bathymetry survey with the lake shoreline to develop a full lake map.   The elevation 
surveys provided GPS coordinates that approximated the shore, but survey crews necessarily avoided in-
water obstructions (downed trees) and private property (docks and moored boats).   Further, crews 
occasionally were questioned by the public, and were subject to varying weather and wave conditions. 
Thus, the shoreline track was not an exact replica of the shoreline, and editing was required.  Further, 
construction of shoreline polygons and depth rasters require non-conflicting points, i.e. points along a 
sequence cannot double-back in the polygon.  GPS points of the elevation survey were edited with an 
overlay of Google Earth within QGIS to a) remove conflicting points, b) smooth locations where crews 
avoided obstacles, and c) insert islands where needed.  The resulting polygon was converted to points 
separated by 0.5m, and merged with the bathymetry dataset.   We assumed a depth of 0 for the 
shoreline points, and assumed no offset from sonar data.   We assumed no offset for several reasons: 
First, the transducer position was purposely affixed to both survey boats in a position that minimized its 
depth in the water.  Second, wave action introduced variation in depth readings that exceeded 
transducer depth in the water as evidenced by some missed readings along transects. Third, crews



expressed that while they measured offset while the boat was at rest (0.05m), this depth changed as 
they boat was operated, and they could not operate the boat and gage offset simultaneously.   
After the integrated dataset containing shoreline and bathymetric measurements were imported into 
QGIS, bathymetric maps were created using linear interpolation among points.   Alternative 
methodologies (e.g. cubic spline) led to unreasonable maps that included locations of positive depths.  
I used the transect design to evaluate how watercraft speed affects sonar readings by screening each 
lake dataset for nearby points.  I defined ‘nearby’ as within (10-7)° of both latitude and longitude.  In 
general, these point pairs represent locations where perpendicular transects crossed.   Of the 353,747 
datapoints collected over all lakes, this left 813 datapoints. I then developed regression models to 
correlate the difference in watercraft speed between the two points with the corresponding difference 
in recorded depths.   I would expect to see a significant relationship between speed difference and 
depth difference should watercraft speed influence our depth recording.  In other words, if the speed 
difference is small, the depth difference should also be small, whereas if the speed difference is large, 
the difference in depths should also be large.   Alternatively, a log-normal error structure could also be 
indicative of increased variation (rather than error in a consistent direction) due to speed difference.  
Therefore, I also evaluated residuals of the regression equation to determine whether speed differences 
increased variation in depth readings.

Water volume calculation 
Calculations for water volume calculation were developed in QGIS.   I created depth raster maps 

of interpolated data from the combined shoreline and bathymetry dataset, and overlayed contours 
using built-in functions within the QGIS program.   Water volume calculations occur through the 
summation of 3-dimensional pixels, each 0.1m on a side as defined within QGIS.  Each 3-dimensional 
pixel is summed for each contour, and then across contours to develop lake-wide totals.  The result is a 
very precise estimate of water volume for each lake.   However, this method is relatively non-standard.  
Thus, for a select subset of lakes, I also calculate water volume using the formula: 

𝑉𝑉 = � 𝑧𝑧�𝚤𝚤 ∙ 𝐴𝐴𝑖𝑖
𝑖𝑖

Where V is the total lake volume (in m3), 𝑧𝑧𝑖𝑖  is the mean depth of contour i, and Ai is the area (in m2) of 
contour i.  Contour area and mean contour depth were both calculated using internal functions within 
QGIS.  
*If you need this information in an alternate format, contact EGLE‐Accessibility@Michigan.gov or call     
800‐662‐9278 

Results

Bathymetry measurements 
Bathymetry maps were created successfully for all 10 lakes surveyed (Figs 4-13).  Map profiles 

varied among lakes, with some that had relatively homogeneous profiles and others with significant 
heterogeneity.   The algorithm to rectify readings on Morrison Lake successfully reduced the bias 
initiated by the significant rainfall event on the second survey day (Figure 10), although further 
validation is likely needed. 

The analysis of watercraft speed on bathymetric measurements indicates that measurements 
are inherently variable, and that speed does not affect depth readings systematically.  Further, speed 
does not affect error structure.   I found no significant effect of speed differences on the difference in 
depth reading between paired readings (Figure 14).  The vast majority of paired points in the dataset (n 
= 813) lied within a difference of 5kph and 0.5m, indicating that our survey speed was relatively 
consistent, and that paired readings tend to provide similar depths.  This plot indicates that similar 



speeds can provide drastically different depth readings as indicated by a number of datapoints close to 
the x-axis origin that rise up the y-axis.   Furthermore, drastically different speeds generally led to low 
differences in depth readings.   As a consequence, the regression line has a very slight decline, although 
the relationship is not significant (p>0.01), and the fit is almost nonexistant (R2<0.01).  A plot of residuals 
versus the speed difference indicates no systematic problems (Figure 15).   If systematic issues existed, it 
would be expected that the residuals of the regression would demonstrate a curvilinear pattern, rather 
than normality.   While the residuals do not abide by normality standards, they are certainly not 
curvilinear.

Water level assessment 
The algorithm to remove aberrant data was successfully, yet some variation is inherent in the 

dataset.  Sources of variation in this study are likely derived from the use of kayaks to map the water 
levels.  These watercraft are subject to rocking due to wave action and paddling, which likely leads to 
the distribution of data observed in Figure 2. An important aspect of this study was identifying variation 
in water levels around the lake circumference.   I saw very little variation from disparate points, and the 
vast majority of water levels had a range of approximately 10cm (±5cm around the mean). While most 
lakes appeared to demonstrate a normal distribution of water level readings centered on a mean value, 
Walden Lake did not.   Water level readings there were nearly bimodal.   Reasons for this difference 
from all other lakes are unclear.   

The GNSS-based methodology used for this project produced an extensive dataset, and despite 
the data aberrations, high-frequency data collection incorporates uncertainty derived from the 
practicalities of field surveys.   Further, the water level dataset also provided shoreline data for use in 
the bathymetry maps.  While the use of mapping software that incorporates Google maps or other 
aerial/satellite-derived imagery can help define lake margins, the survey methodology used for this 
project likely provides a more accurate representation of navigable waters that are often unclear from 
satellite images.

Water volume calculations 
The use of imbedded functions within QGIS allowed the calculation of water levels relatively 

easily. The QGIS framework sums all pixels within a given contour in the x, y, and z, direction, thus 
providing a very precise volumetric and areal calculation based on depth.  Further, the depth-based 
calculations allowed me to evaluate how changes in volume would affect lake area (Table 2).   These 
indicate that some lakes have a very high proportion of volume that resides in areas <1m deep.  
Calculation of these metrics could help to further refine risk assessment criteria, particularly if more 
refined depth criteria are desired.   The analysis of finer-resolution depth data (QGIS allows contour 
definitions down to the cm scale) could yield more precise measurements of predicted areal loss due to 
a reduction in water levels.   It may be possible to revert these calculation such that a decline in volume 
could yield predictions of areal loss.  Following this logic, calculations on Sugarloaf Lake reveal that a 
0.5% decrease in overall lake volume could yield a reduction of water levels by 0.2m and a 5.7% 
decrease in area.   Other lakes could be calculated similarly.



Table 2.   Water volume calculations determination of volume and area less than 1m and 2m deep.  
These calculations should occur with abundant caution, however.   Estimates of areal loss are highly 
dependent on the definition of the lake shoreline and the algorithm used to interpolate points between 
the shoreline and proximal bathymetric survey points.

Comparison to historical bathymetry maps 
Most of Michigan’s existing bathymetric maps were created in the 1930s and 1940s.   There is 

the potential for lakes to have evolved since this period.   Although this project did not conduct a 
quantitative comparison of existing maps, a few consistent trends emerged.   First, the older maps are 
remarkable. Most contours are relatively close to our observations.   However, several differences 
emerge, particularly on Morrison Lake (Figure 16).  In 2021, we measured the deepest part of the lake in 
in the NE deep hole at 11.83m (38.8ft). In the 1940 map, the deepest part of the lake is in the NW part 
of the lake, and is measured at 35ft. Further, this study indicates that the NE deep hole is further to the 
NE than indicated by the 1940 map.  There is also some substantial differences in where contours lie, in 
that there appears to have been some sedimentation over portions of the lake, revealing some areas 
(mostly in the SE portion of the lake) where contours are dramatically different than in 1940.   In 
comparison, the 1942 map from Halfmoon Lake is remarkably similar to the 2021 map (Figure 17).   The 
deep hole is properly aligned in space, and the maximum depth is identical to what we measured 
(26.39m (86.6ft) in 2021 vs 87’ in 1942).  While the shoreline has changed some (particularly in the 
northern portion of the lake), contours from 1942 are similar in location and depth as to what we 
recorded in 2021. One difference between the maps lies in a bay on the southern shoreline of the lake. 
This bay appears to be either misaligned or has changed, and is no longer as deep as indicated in 1942.   
Otherwise, I give a big thumbs up to those surveyors.   Walsh Lake (Figure 18) appears dramatically 
different from the map created from a 1944 survey.  The lake appears to have contracted from the 
northern shore, despite features being similar in the southern, eastern, and western sides of the lake.  
Although the 0.6m (2ft) contour is similar in location in 2021 to the 1944 map, all of the other contours 
are misaligned.  The maximum depth in 1944 was read as 21 feet, but we observed no depths greater 
than 5.48m (18ft).  Thus, this lake map likely requires substantial revision.

Recommendations

Bathymetry measurements and study design 
Collection of routine bathymetry data represents a substantial task that requires substantial 

expertise and experience.   Expertise is required primarily for data processing and analysis, but also for

Lake
Volume 
(m3)

Mean 
depth (m)

% of Volume 
<1m

% of Volume 
<2m

% of Area 
<1m

% of Area 
<2m

Crooked 1922073 1.96 8.4 32.6 30.6 63.3
Walsh 96689 2.59 4.8 18.5 22.8 49.1
Garfield 46109 2.02 5.1 33.4 11.8 49.6
Halfmoon 8009746 8.38 1.8 2.6 24.2 31.1
Walden 3763309 6.48 2.3 4.4 25.7 36.1
Bass 1922073 2.51 3.5 23.7 15.1 47.0
Joslin 943583 1.22 21.6 72.8 40.1 88.0
Sugarloaf 695909 0.97 66.6 87.5 57.3 95.7
Morrison 5290279 3.92 1.6 4.4 8.5 17.2
Gosling 102596 2.07 9.0 28.6 32.6 61.0



routine problems that inevitably arise when operating watercraft regularly.   During the course of this 
project, multiple issues arose involving watercraft and trailer safety and maintenance that could have 
derailed the project.  Experience is needed to quickly recognize the source of data collection issues and 
to resolve them quickly.   Further, experience operating the sonar unit, uploading data, and boat 
operation should make data collection a relatively smooth process. 

Transect spacing is an area that requires further research.  We used a spacing of 10m for all 
lakes except Walden, where I prescribed 5m spacing. Spacing transects at 5m leads to a very dense 
dataset, and very high-resolution bathymetry (Figure 19), but led to a number of issues.   First, Figure 19 
demonstrates that transects are rarely straight.  Wind, waves, and extraneous factors led to transects 
that were irregular, rather than straight.  Operators had to constantly peer down at the sonar unit to 
view their location, but also pay attention to conditions on the water for safety. Personal experience 
with watercraft also dictates that straight lines and boats do not mix well, particularly on windy days.  
Conducting a more quantitative assessment of transect spacing is labor-intensive. On Walden Lake, 
there are literally hundreds of transects that would require individual definition and algorithms to detect 
transect spacing , which was infeasible in the project timeline. For most lakes, 10m spacing appeared to 
be adequate. This led to well-defined bathymetry maps, and was able to detect fine-scale details in 
shallow water. Tradeoffs exist between transect spacing, bathymetry resolution, and the time it takes 
to survey a lake.   More transects equals finer resolution, but more time spent surveying.     Thus, on 
large lakes that are homogenous, 20m spacing may be more than adequate.  On small or highly 
heterogenous lakes, I recommend 10m spacing.   I do not recommend 5m spacing.   Even on a lake as 
small as Walden, it took field crews nearly two weeks to complete the survey.  Granted, the crew was 
also restricted to electric motors on this lake, but even with a gas motor it would have likely taken 
several days.   

Previous research has identified turnaround locations near lake margins as problem areas for 
bathymetry surveys, as they often require a change in speed and direction that could affect readings.   
Some experts even suggest removing these points entirely.   For this report, I left these turnaround 
points in the analysis, as they represent the shallowest readings from the sonar unit.   There is 
uncertainty regarding the best way to compensate for inevitable changes in direction and speeds that 
accompany turns in direction.  However, based on this analysis, watercraft speed does not cause 
systematic error in depth readings, nor does it affect depth reading error structure.    More in-depth 
analysis of bathymetry transects may be required to identify whether readings in shallow areas have 
more errors than this analysis suggests.  

Survey timing could be important for future surveys.   Dense vegetation can interfere with sonar 
readings, particularly in shallow water and over soft bottoms.  Although this project did not investigate 
individual transects, some variation in bottom readings is likely to exist due to vegetation and variation 
in bottom hardness.   An assessment of which transects are affected by this variation is likely to be 
extremely time-consuming, as one must edit these datapoints within the Biobase framework, which is 
not particularly user-friendly.    One consideration would be to limit the period of surveys to seasons 
when vegetation is minimal, i.e. early spring and late fall.   However, this would severely limit the 
number of lakes a crew could do over the year.   Summer represents a long period, when weather is 
more amenable to being outdoors and on the water.   Seasons without vegetation could be used as 
corroboration periods, however, when lakes are surveyed again and compared to periods with 
vegetation.  

Data processing and analysis represented a significant aspect of this project, and should not be 
undervalued.   Although this report contains relatively ‘raw’ data, much more could be done to smooth 
bathymetry readings.   The process of smoothing requires visualizing maps, and then revising 
bathymetry measurements accordingly.   A common issue that arose during this study is that the sonar 
would read identical depths in regions that otherwise demonstrated heterogeneity.   This indicates that 



the sonar unit was not reading the actual depth, but was instead reverting to the last recorded depth. 
This issue arose sporadically, but not consistently, and could not be predicted.   Thus, smoother maps 
could require substantial visualizing data and removing individual datapoints from datasets that contain 
thousands to tens of thousands of points.  Enumerating points with a unique identifier is helpful for this 
process, but the task remains onerous.  

Algorithms to smooth bathymetry readings may be desired in future iterations of this project.  
Maps of ‘raw’ data demonstrate small-scale variation that lead to maps that appear perhaps more 
variable than they actually are.   Sonar units are capable of measuring depth to the sub-cm scale, and as 
a consequence, small variations in depth inherent in bathymetry surveys lead to variation in contours 
once this variation crosses discrete intervals (e.g. 0.95m vs 1.05m).  The effect of this variation is 
magnified on small lakes that require magnification to observe features (e.g. Walsh Lake, Figure 13). 
Maps created within the Biobase framework are capable of such buffering, but this website is currently 
incapable of incorporating data outside of the sonar survey.   As a result, incorporation of unsurveyed 
areas that are generally shallow is not possible.

Shoreline measurements 
More validation of shoreline mapping methodologies is required.   Standard methods call for a 

‘one dry foot, one wet foot’ approach, but this approach may be infeasible for highly developed 
shorelines with substantial private property , and may be extremely difficult or impossible in locations 
with mucky substrate, those with downed trees, or those with undercut or vertical banks (e.g. seawalls 
or bog mats).  Furthermore, this sort of survey is likely to take a week or more to complete, particularly 
on larger lakes. The approach used in this study was to use kayaks, which are capable of navigating very 
shallow (~6”) water.  Crews would also step over docks and other obstacles when possible. The benefit 
of this method is that circumnavigation can occur relatively quickly (~1 day), even on large lakes, and the 
resulting shoreline contains navigable waters.   The downside is that the resulting data is not the true 
shoreline.  Both methods for mapping the shoreline are likely to need data revision to ensure an 
accurate representation of the lake shoreline. Alternatively, satellite imagery can be used to estimate 
the lake shoreline.   The positive of this approach is that measurements can be made remotely, and 
satellite imagery is likely to be relatively accurate.   The downside of this approach is that satellite 
imagery may not represent current conditions on the ground given imagery is often dated to a previous 
year.  Furthermore, fine-scale variations in shorelines and shoreline structures are not well-represented 
in satellite imagery given limits on image resolution.  

Comparison to historical bathymetry maps 
Our comparison to existing bathymetry maps from the 1940s indicates that further analysis of 

these maps is sorely needed.   Our qualitative assessment indicates that historical maps are mostly 
accurate, but shorelines have either shifted or were initially misdrawn.   Further, at least two of the 
maps I assessed have inaccurate depths and depth contours. A quantitative analysis of mismatch would 
be fruitful, as modern bathymetry maps are relatively rare, and such a comparison could yield important 
information regarding how lakes have changed over the last 50 years.   There are hundreds of historical 
maps from the 1940s for comparison, and a focus on these lakes for future bathymetry endeavors would 
yield important data that could be used for science and recreational use.

Prospects of statewide bathymetry surveys 
Herein, this report details results and recommendations from a 10-lake survey intended to vet 

field and analytical methodologies.   Scaling this project up to larger scales is possible, but is likely to 
require significant investment.   Below, I estimate total costs based on the experience in 2021 at MSU. 
Costs associated with labor and some equipment are likely to differ, plus some costs are present at MSU



but not at EGLE, or vice versa (Table 3).   As a consequence, this estimate is very rough, and would need 
refinement.  These estimates consider a crew working 40 hours per week for 8 months, roughly the ice-
off period.  I do not include the cost of a new vehicle, computers in the estimate, although these could 
significantly increase the estimate.  I also used a fringe rate of 7.65%, which is the rate applied to 
undergraduates at MSU.  Fringe rates at EGLE are likely to differ.  The estimate does include a 
subscription to BioBase, which each crew must have to upload data there.   Company rules require that 
each person that uploads data must have their own subscription.  In addition, the survey crew is likely to 
exceed memory storage allowances, which increases the cost of the subscription.  I assumed each crew 
could survey 20 lakes in a year, and their survey includes shoreline survey days.

Category/Item
Estimated

Cost
Survey equipment
Flat-bottomed boat (16-18') $6,000
12' lightweight rowboat $2,000
Sonar unit and transducer $2,500
Trimble R2 $15,000
Electric motor (72lb thrust) $1,000
Gasoline motor (25hp) $5,000
Kayaks (X2) $800
Boat trailer $1500

Supplies
Watercraft safety (life preservers, oars, flares, etc) $500
12V Batteries (X3) $600
Miscellanous boat/trailer supplies and tools $1,000
Extra trailer tires $500
Kayak paddles $300
Field clothing $400
Fuel $2,000
Battery chargers $300

Maintenance
Trailer maintenance $2,500
Boat maintenance $2,000
Vehicle maintenance $1,500

Data processing
Biobase subscription (per crew) $1,250

Labor
Technicians (X2) @$15/hr for 8 mo $23,250

Total per crew $69,900



Table 3.   Estimated cost per crew, including costs of supplies and equipment.   Please see text for details 
and assumptions.

Based on Table 3, I estimate the cost of one crew to be nearly $70,000.  The total cost to conduct 
surveys on 100 lakes (five crews) would likely exceed the approximately $350,000 estimate if vehicles 
and computers are also needed, and if fringe rates exceed 7.65%.  Furthermore, this study only traveled 
to lakes within approximately two hours (~100mi) of East Lansing.   If crews would travel to locations 
outside of this radius, additional costs for travel (hotel, per diem, etc) are likely to be incurred.

Data
All raw data from bathymetric surveys and shoreline surveys is stored in .csv files stored on 

MSU’s Microsoft OneDrive servers. Bathymetric maps are comprised of several files, including: 1)the 
combined shoreline and bathymetric data (.csv), 2) interpolated depth raster file (.png), 3) Shoreline 
polygon file (.shp), and 4) 1m contours files (.shp).  These files are combined as projects in QGIS as .qgz 
files.

The raw bathymetric data contains data for each datapoint collected.  This includes the Lake, 
sonar frequency (200kHz), date/time, longitude, latitude, Depth (in negative meters), water 
temperature (in °C), and watercraft speed (either in KPH or Knots).  The raw shoreline data contains the 
Lake, date, longitude, latitude, and elevation above sea level (m). 

Additional data related to bottom hardness and vegetation biovolume are also available (both in 
.csv files), but their analysis was outside the scope of this study. All data collected as part of this study is 
available upon request.



Figures

Figure 1.  The Morrison Lake bathymetry map prior to data validation.    Note the band of readings 
running from the SW side of the lake to the NE that disrupt the remaining readings.   The stripe 
represent readings immediately following a significant rainfall event that raised lake levels by nearly 
0.6m.



Figure 2.  Quantiles of water level data collected on each lake.   Lakes are plotted to contain the entire 
range of water level data, from the 0% to 100% quantile.   Note that each lake has both high and low 
abberrations.



Figure 3. Histograms of revised water level data.   Note the change in the range of water level data from 
Figure 1.



Figure 4.  Bass Lake



Figure 5.   Crooked Lake.



Figure 6.   Garfield Lake.



Figure 7. Gosling Lake



Figure 8.  Halfmoon Lake



Figure 9. Joslin Lake



Figure 10.  Morrison Lake



Figure 11. Sugarloaf Lake



Figure 12. Walden Lake



Figure 13. Walsh Lake



Figure 14.   Regression of the difference in watercraft speed versus difference in depth reading.  
Datapoints are readings whose locations are within 10-7 degrees of longitude and latitude of each other.



Figure 15.   Residuals of the regression of speed difference versus depth difference.



Figure 16.  Overlay of Morrison Lake from 2021 and 1940.   Contour units (5’) are identical. Several 
features appear to differ between the two maps, including the location of the deepest part of the lake.



Figure 17.  Overlay of Halfmoon Lake from 2021 and 1942.   Contour units (10’) are identical. Most 
features appear to be similar between the two maps.



Figure 18.   Overlay of Walsh Lake from 2021 and 1944.   Contours (2’,5’,10’,15’) are the same between 
both maps.   The 2021 map has no 20’ contour, as the maximum depth we observed was 5.48m (18.0ft).



Figure 19.  Walden Lake transect lines.   Each pink dot represents a sonar reading.



Appendices:  Instructions for data operations for bathymetry surveys and mapping



Appendix 1.   Creating transects in Google earth

1) Download Google Earth 
2) Navigate to lake of interest 
3) Zoom in to scale lake (zoom in pretty far at first) 
4) Click on ruler tool icon

a. Measure out 5m to get an idea of transect spacing 
b. Click once to start measurement, look at screen to get to ~5m, then click again to get 

measurement. 
c. Click Save, name according to lake. 
d. Click OK. 

5) Click on path icon 
a. Do first round of transects on the long axis of the lake



b. 
c. Leave dialog box open 
d. Single-click on starting point (don’t click and drag), and single-click on ending point of a 

given transect.  
i. Continue laying points to create a back-and forth transect with each line ~5m 

apart, allowing room to turn around at the end of each transect.

e. If you mess up a point, you can hit ‘delete’ to erase the last point.  You can also go back 
and modify a previous point, but you must click on last point entered to continue the 
path.



i. You can adjust the width of a transect by clicking on and dragging a relevant 
path point.  

f. When you are done, click ‘save’ in the open dialog box. 
i. Make sure it’s named correctly. 

ii. If there are multiple paths on a single lake, name them Lake Fishalot Long A, 
Lake Fishalot Long B, etc 

g. If there are obstructions to a straight path, e.g. a point, a dock, etc, turn the transect 
around at that point.  (Don’t make the transect go through the obstruction) 

i. Create a new transect in the area that was not covered.  
ii. In areas with a lot of docks, you may need to create a ‘curly Q’ pattern to gain 

adequate coverage in areas between docks.   
iii. It’s OK to overlap paths some.   Try to keep it at a minimum, if at all possible. 

h. Repeat steps 5 a)-c) in the horizontal direction. 
6) Once you are done with a lake, right click on transect in ‘Places’ menu box on left hand side of 

screen.  
a. Right click on transect, click ‘save to my places’ 
b. CRITICAL:  Right click on same transect, click on ‘Save Place as…’ 
c. Save transect as a .kml file 

7) Download the DNRGPS app from https://gisdata.mn.gov/dataset/dnrgps 
a. Extract zip folder, and click on DNRGPS application (.exe file) 
b. Upload file by clicking on File->Load From->Google Earth->My Places

c. Click ‘Edit’ to change file locations. 
i. Point program to appropriate directory, and load appropriate .kml file.  

d. Click on the layer you want to load, and click OK 
e. In the ‘Select TIDENT Field’ Dialog box 

i. Select ‘Name’ 
ii. Click OK  

iii. The file should load and look like the picture above 
f. Click File->Save To->File-> 

i. Name file appropriately

https://gisdata.mn.gov/dataset/dnrgps


ii. Change file type to “ 
iii. Hit OK 

g. NOTE:  If you have several transects or transect segments, you will have to create a 
separate file for EACH segment. 

h. Save transects onto SD card 
i. Load card into unit. 

8) Other resources: 
a. https://s3.amazonaws.com/downloads.digitalmarine.com/CreatingTransectsGoogleEart

h.pdf 
b. https://www.youtube.com/watch?v=_Xl5mYFN3us

https://s3.amazonaws.com/downloads.digitalmarine.com/CreatingTransectsGoogleEarth.pdf
https://s3.amazonaws.com/downloads.digitalmarine.com/CreatingTransectsGoogleEarth.pdf
https://www.youtube.com/watch?v=_Xl5mYFN3us


Appendix 2.  Daily protocol and checklist for data recording crews

Things to bring each day

1) GPS track for lake. 
2) Sonar unit and transducer 
3) Laptop (?) 
4) Transducer mount (if needed) 
5) Oars 
6) Canoe paddles 
7) Live preservers and throwable 
8) Batteries 
9) Gas tank 
10) Electric motor 
11) Datasheets and clipboard 
12) Writing utensils 
13) Lunch 
14) Water 
15) Sunscreen

Sampling

1) Sonar
a. Rig transducer to ensure appropriate depth and orientation to bottom. 

i. Record transducer offset with meterstick 
b. Record date, lake, weather (Windspeed and direction, wave conditions (e.g. choppy, 1-2 

ft waves, smooth, etc)) 
c. Record starting waypoint on Sonar unit 
d. Start recording once boat is in starting position 
e. Follow GPS track as closely as possible.  
f. Save files to unit at least every 3-4 transects, if not more often 
g. Save and record waypoint when 

i. When sampling is paused (e.g. break, stuck in weeds, etc) 
ii. When switching transect direction 

iii. At end of a day if sampling is incomplete
2) GPS

a. Measure and record vertical offset of GPS unit from water surface 
b. Walk the entire shoreline with GPS unit on 

i. Walk or get back into boat if a dock is in the way, unless you have EXPRESS 
VERBAL CONSENT to step on dock.



Appendix 3.  Uploading data into Biobase for processing.

Biobase instructions

1. Create a folder on OneDrive in the Bathymetry transects folder 
2. Create 4 subfolders: 

a. Transects 
b. “lake” 5m 
c. “lake” 10m 
d. “lake” 20m 
e. E.g. Walden 5m 

3. In the Transects folder, put all .sl2 files associated with the lake

1) Merging transects (first merge) 
a. Navigate to “organization trips and merges” 
b. Click on down arrow  lake to be merged 
c. On any transect, click on green “Analyze/Edit” button 
d. In upper left hand corner, click on “Tools” 
e. Click on “Merge Trips” 
f. On popup window, select all transects 
g. Change Track Buffer to 5m 
h. Click on “Merge Trips” button 
i. Wait for merge to occur (should take about 15-30 minutes). 

2) Reprocess merge 
a. Navigate to “EcoSound Merges” 
b. Select lake of interest 
c. Download report and save in appropriate folder 
d. Click on “Analyze/Edit” 
e. In upper left hand corner, click on “Tools” 
f. Click on “Trip Reprocessing” 
g. In the popup menu, under “Set the Interpolation Settings” 
h. Select all Bathymetry, Vegetation, Composition, and report boxes 

i. Enter in 1m Grid cell size for a 5m buffer 
ii. Enter in 2m Grid cell size for a 10m buffer 

iii. Enter in 4m Grid cell size for a 20m buffer 
i. Click “Submit” 
j. Wait for merge to occur, then go to 3)Download Data 

3) Download data 
a. Navigate to “EcoSound Merges” 
b. Select lake of interest 
c. Click on “Analyze/Edit” 
d. Click on “Export Data” 
e. On popup menu, select ‘Export CSV data”



f. On subsequent popup, you have to choose each item.  I would like .csv data for Depth, 
Vegetation, and Hardness in both Grid and Point formats.  

g. Download data, and rename file appropriately, 
i. e.g. “Walden 5m grid veg.csv” 

ii. e.g. Walden 5m point bathy.csv” 
h. Export Maps 

i. Use large image size for all maps 
ii. Download 

1. Depth Shading Layer 
2. Vegetation Heatmap Layer 
3. Bottom Hardness layer 

iii. Rename files appropriately once downloaded 
1. E.g. Walden bathy map 

i. Export Depth Shapefiles 
i. save file and put in appropriate 5m, 10m, or 20m folder 

j. Export Google Earth images 
i. Export Depth, Vegetation, and hardness as .kmz files 

ii. Rename files appropriately.



Appendix 4.   QGIS instructions for processing bathymetry and shoreline data

1. Import Google Earth Tile 
a. Drag tile into Layers workspace 

2. Import shoreline data 
a. Import shoreline data as a delimited text layer 

i. In current format, x field is longitude, y field is lattitude 
b. Convert to Line (Fn: Points to Paths) 
c. Convert to Polygon (Fn: Lines to Polygons) 
d. Edit Polygon to account for any large gaps between points, invalid geometry (folds), and 

other irregularities. 
i. Used Google maps as a rough guide for gaps, docks, and downed trees. 

ii. Import raw bathy data to ensure that shoreline polygon is inclusive of bathy 
datapoints. 

iii. Make sure that there are no weird jagged points.  This will cause issues later. 
e. If an island exists 

i. Create a new layer 
ii. Add new polygon around island (fn: add new feature, select polygon) 

iii. Remove island from shoreline polygon (fn: Geoprocessing->Symmetrical 
difference: Island as input, shoreline polygon as Overlay 

iv. Save resulting polygon as final shoreline polygon. 
f. Back-convert shoreline polygon to line (Fn: Polygons to lines) 
g. Reproject to appropriate projection (need to do to get layer into meters) 

i. Fn: Vector->Data Management Tools->Reproject Layer 
ii. I used Inverse of UTM zone 16N for C. and W. Michigan, 17N if in E. Michigan. 

h. Interpolate Reprojected Path 
i. Fn: Points along Geometry 

ii. Interpolate every 0.5m to ensure a clean result 
i. Export points 

i. Export as ‘lake’_interpolated_shore .csv 
ii. Make sure in WGS84 format 

iii. Select option under GEOMETRY to save ‘As XY’ 
3. Add shoreline data to bathy data 

a. Open bathy point data in Excel 
b. Open shoreline path interpolated .csv data in Excel 
c. Add the shoreline XY data to the end of the bathy data 

i. Note ‘Shoreline’ as descriptor of new data under ‘Channel’ 
ii. Fill in ‘0’ for DepthInm for shoreline data. 

iii. Fill in all other fields however (they don’t matter). 
d. Change negative depths to positive (allows appropriate calculations) 

i. Create a new column, named ‘PosDepth’ 
1. Convert negative depths to positive values (multiply Depthinm by -1). 

ii. Should result in a full column of positive depths, with all shoreline values set to 
0. 

iii. Create a new column labeled ‘PathNum’



1. Will help with detective work to identify bad readings in the data. 
e. Save as ‘lake’bathyplusshore.csv 
f. May be an easier way to do this by merging layers, I’m just not sure how. 

4. Import shore and bathy data into QGIS 
a. Reproject to appropriate CRS 
b. FN: Vector->Data Management Tools-> Reproject layer 

i. Input layer is the shoreline plus bathy points layer 
ii. Target CRS is the appropriate projection (zone 16N for W Michigan, zone 17N 

for E Michigan) 
5. Construct depth raster 

a. Reproject Shoreline polygon layer to appropriate projection 
b. Fn: TIN interpolation 
c. Vector layer: Reprojected data 
d. Interpolation attribute: PosDepth 
e. Click + button 
f. Extent is the Reprojected Shoreline layer 
g. Make sure Pixel size is set to 0.1 

i. This is important for volume calculations.  
h. Click Run 
i. Save TIFF file as: ‘lake’DepthTIN.tif 

6. Clip depth raster to shoreline 
a. Fn: Raster->Extraction->Clip Raster by Mask Layer 
b. Input layer:  DepthTIN.tif 
c. Mask layer: Reprojected shoreline layer 
d. Source and Target CRS are the same, and should be set to same projection as data 
e. Save as ‘lake’depthTIN_clipped.tif 

7. Create contours 
a. FN: Contour polygons 

i. Input: Clipped TIN 
ii. Intervals between contour lines 

1. 0.2 for volume calculations 
2. 1m for display version 

iii. Offset from zero 
1. Set to 0, unless required to do otherwise 

b. At this point, you may run into an error regarding invalid geometries.  If this occurs, 
i. Run validity check 

ii. FN: Check validity 
1. Input layer: contour layer 
2. Click run 

iii. Check error datapoints 
c. Go back to step 1C, fix point of shoreline that is problematic. 

8. Calculate area 
a. Right click on contour layer, select ‘open attribute table’ 
b. Click field calculator



c. Under ‘Output field name’, type in ‘Area’ 
d. In middle of popup, click on arrow next to Geometry, double click on ‘$area’ 
e. Click OK 
f. Area of each contour will now be a field in attribute table 

9. Calculate volume 
a. Fn: Zonal Statistics 
b. Input layer: 0.2m contours 
c. Raster layer: clipped TIN 
d. Statistics to calculate (click on ‘…’) 

i. Sum 
ii. Mean 

iii. Median 
iv. Others are just for info (e.g. minimum and maximum) 

e. Click Run (will take a long time) 
f. Output will be in Contour layer Attribute table 
g. Save new ‘Zonal statistics’ layer as a shapefile, named ‘lake’contoursplusstats.shp 

10. Export stats to summary file 
a. Open attribute table of zonal statistics layer 
b. Select all cells (CTRL +A) 
c. Copy cells 
d. Paste into separate file 

11. Calculate volume 
a. In the resulting pasted file, the ‘sum’ field represents the sum of pixels (which are 

0.01X0.01m. 
b. Create a new column named Volume (m3) 

i. Divide the sum column by 100 to obtain volume.  
c. Create a new column named Volume (est) 

i. Multiply Area X _mean.  This gives you what the mean depth times area (m2) 
would equal.   It should be very similar to Volume (m3) column.



Elevation processing

1. Import data into R 
a. Should have Lat, Lon, and elevation (relative to mean sea level). 
b. Account for offset in the elevation (height of receiver above water) 
c. Create a column that has the path sequence (i.e 1 at first datapoint to n at the last). 

2. Visually inspect data 
a. Calculate quantiles by 1% 
b. Create a plot with quantile on the x-axis and elevation on the y-axis. 
c. Plot will likely reveal some elevations that are low, a few more that are too high, with a 

broad plain of data associated with the majority of data points. 
i. Likely due to surveyors getting out of watercraft and walking on shore. 

d. In most situations, the vast majority of data will be within 0.05% around the median.   
e. Use the median, not the mean.   The center of the data should represent very close to 

the actual water level.   
3. Eliminate aberrant data 

a. Filter data out that is more than 0.03% higher or lower than the median. 
b. This number is based on inspecting multiple lakes and identifying critical values for 
c. Create a histogram of the filtered dataset 

i. Should reveal that data approximates a normal distribution.  If not, go back to 
step two and increase from 0.03% until data approximates a normal 
distribution. 

d. Create a new column that has a new path sequence. 
i. Will allow you to relate filtered data to original dataset. 

4. Save filtered dataset for use in QGIS.


	Cover
	CONTENTS
	ACRONYMS
	EXECUTIVE SUMMARY
	INTRODUCTION
	2022 RECOMMENDATIONS
	SUMMARY OF WUAC RECOMMENDATIONS FOR FY 2023-2024
	PROGRESS ON 2020 RECOMMENDATIONS
	WATER USE ADVISORY COUNCIL
	Appendix 1. Status of Recommendations from the 2014 WUAC Report
	Appendix 2: Modifications to the High-Resolution National Hydrography Dataset to Enhance its Utility in Michigan’s Water Withdrawal Assessment Tool
	Appendix 3: Potential Approach To Consider for Evaluating Appropriate Scale For Accumulating Streamflow Depletions.
	Determination of lake bathymetry for lake volume calculations associated with lakes sensitive to large quantity withdrawals

